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BACKGROUND OF THE INVENTION 

10 As described in U.S. Serial No. 08/790,186, cell 

surface PS has a role in coagulation, programmed cell 
death and clearance by the reticuloendothelial system. 
U.S. Serial No. 08/790,186 also describes regulation of 
the transmembrane distribution of PS, the role of calcium 
15 in the collapse of phospholipid asymmetry, and the role 
PL translocation in Scott Syndrome. 
Dr ^r^ffri Cel l n Pa th (Anoptosis) 

Programmed cell death or apoptosis is an important 
process that is now recognized to be central to the 
selective elimination of mammalian cells during 
embryogenesis, tissue remodeling, the clonal selection of 
immune cells, metamorphosis and hormone -dependent 
atrophy, as well as cell death induced by chemicals or 
irradiation (reviewed by G.M. Cohen, Bjlc^herTU J, 326:1- 
16, 1997; D.L. Vaux and A Strasser, P roc. Natl . .. Acad. 
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Sci. USA 93.2239-2244; D. 3. McConXey and S. Orrenius, 
ai2£tos Ei2E b^ 239:357-366, 199,, and 

references therein) . Inappropriate apoptosis (exther 
unregulated excessive or inappropriately low rate) is now 
s implicated in many human leases, including Alzheimer's 
and Huntington's disease, autoimmune disorders, ischemic 
damage, and several forms of cancer ( M.E. Peter, St al. , 
S^^B^S^^ 94:12736-12737, 1997) . 
Although the specific pathways leading to cell death may 
10 vary for different cell types and cell stimuli, it xs 
convenient to divide the process into distinct phases. 
The earliest phase is the stimulus that initiates the 
apoptotic response. This may be an external signal 
delivered through surface receptors such as CD95 (P..) or 
15 tumor necrosis factor receptor, or may originate inside 

the cell in response to a drug, irradiation or toxxn. In 
the next phase, the sxgnal is detected and transduced to 
the cell death effector machinery. The third phase of 
the apoptotic process includes activation of proteases 
20 (including caspases) , as well as their positive and 

negative regulators (including Bcl-2, Bcl-x,, and thexr 
inhibitors Bax, Bad, and Bak) (J.C. Reed, Hatuxs 387 :773- 
7,6 1997; T. Patel, et ai. , fTASEB. iL_ 10:587-597, 1996,- 
Q . m. Cohen, 19") • Activation of the "execution 

25 phase" results in morphological changes including cell 
shrinkage, cell surface exposure of aminophospholipids 
resulting in the recognition and phagocytosis of 
apoptotic cells, and plasma membrane blebbing. In the 
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last phase, chromatin condensate and degradation of DNA 

is observed. Internucleosomal degradation of DNA into 

m ultiples of !80-200 base pair fragments, recognized as 

"DNA laddering", has long been considered a biochemical 

S hallmark of apoptosis, although more recent work has 

shown that the formation of larger DNA fragments, most 

notably of 50 and 300 kilobases, precedes 

oligonucleosomal DNA fragmentation in all systems 

investigated (A.H. Wyllie, 284 = 555-556 , 1980; D.G. 

l0 Brown, ^ri., i-Bi^ 0^ 268:3037-3039, 1993,. 

rl| .. r ^->^ y1 .«,v^P. Exr-n^r- in Apoptosis 

in recent years is has become clear that 

externalization of plasma membrane phosphatrdylserine 

(PS) is universally observed in cells undergoing 

15 apoptosis, although the signal transduction pathways 

leading to surface exposure of PS are poorly understood 

* 1 T ExD Med. 182:1597-1601, 1995; 
(B. Verhoven, e£ al., iL Bffi^ usa^ 

i- =1 T EXP Med. 182:1545-1556, 1995; 
S.J. Martin, e£ al- , sjj. fi2E^ uau- 

D.I,. Bratton, iU Ei^ EhMU 272 : 26159-26165 , 

20 1997.) PS exposure has been reported to be inhibited by 
the caspase inhibitor zVAD, implicating this family of 
-executioner- proteases in this process (S.J. Martin, «t 
al , J_ BiflU CtoSU 271 = 28753-28756. 1996) . In some 
cells, inhibitors of calpain have also been reported to 
25 inhibit externalization of PS. However, the molecular 

link between protease activation and PS exposure remains 
to be elucidated. As disclosed in US Patent Application 
Serial No. 08/949,246 and reported in Zhou, et al. (Q. 
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Zh OU, Ll^Sm. 272 (29, =18240-18244. 1997,. 

we recently cloned a protein, PL scramblase, that 
mediates the Ca'-activated bi-directional transport of 
phospholipids between the two leaflets. of a lipid bilayer 
5 membrane. This protein has been shown to transport 

phospholipids independent of the lipid headgroup. and we 
now have evidence that PL scramblase is mediating surface 
exposure of plasma membrane PS in all cells undergoing 
apoptosis (see below, . 
10 H» nf O i- = m-i He in APOPtQSiS 

in recent years data have accumulated that suggest a 
major role for the sphingolipid ceramide as a signal 
transducer in the apoptotic process. It is now evident 
that in response to a number of stimuli, including tumor 
15 necrosis factor, ligand binding or cross-linking of Fas, 
serum starvation, or Y" irradiation, production of 
ceramide is observed (Y. Hannun, 274:1855-1859, 
1996; R. Kolesnick and Z. Fuks, i. BH^ HssL. 181=1949- 
1952, 1995). conversely, exogenous addition of ceramide 
20 to cells induces apoptosis. Activation of the so-called 
sphingomyelin cycle results in activation of 
sphingomyelinase which hydropses plasma membrane 
sphingomyelin to generate cellular ceramide. Ceramide, 
in turn, has emerged as a candidate intracellular 
25 mediator, affecting the activities of several enzymes, 
including a ceramide-activated protein phosphatase 
(CAPP). ceramide-activated kinases (CAPK, JNK/SAPKs, , and 
protein kinase C (I. Herr, et. aJL. , sL. 16 = 6200-6208, 
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1997) . in addition to activation of sphingomyelinase, de 
novo synthesis of ceramide in response to an apoptotic 
stimulus has also been considered. The signal 
transduction pathways leading to activation of 
5 sphingmyelinase remain largely unresolved. It has been 
noted that cytokine response modifier A (CrmA) , a potent 
inhibitor of caspases, inhibited ceramide formation and 
tumor necrosis factor- induced cell death, suggesting a 
role for proteases in the signaling and/or activation 
10 Phase of apoptosis upstream of ceramide formation (G. 
Ddaibo, et«l-. iL. Exr^_ Med^_ 185:481-490, 1997). As 
sphingomyelin is normally located primarily in the outer 
leaflet of the plasma membrane (A.J. Schroit and R.F.A. 
Zwaal, SJfflra, 1991). it is likely that ceramide 
15 generation in the resting cell is limited by the 

restricted accessibility of sphingomyelin for hydrolysis 
by the cytoplasmic enzyme, sphingomyelinase, and that the 
plasma membrane phospholipid rearrangement upon induction 
of apoptosis results not only in surface exposure of PS, 
20 but also movement of sphingomyelin from outer to the 

inner leaflet of the plasma membrane. As recent evidence 
from our laboratory suggests that activation PL 
scramblase is involved in the external izat ion of PS in 
apoptotic cells and in the accelerated inward movement of 
25 the polar phospholipids phosphatidylcholine and 

sphingomyelin, we propose that activation of this pathway 
also provides additional sphingomyelin to the inner 
cytoplasmic leaflet of the plasma membrane as substrate 
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for ceramide production, As detailed below, this 
invention relates to compositions and methods for 
• controlling cell and tissue susceptibility to apoptosis 
by modifying the transmembrane movement of the plasma 
; membrane phospholipids between inner and outer leaflets, 
of Amir^^nliriH- in r*^^ Clearance, 
in addition to the role that accelerated 
transbilayer movement of plasma membrane phospholipids 
may play in ceramide production and in transducing the 
0 apoptotic response, the concomitant de novo surface 

exposure of aminophospholipids phosphatidyl serine (PS) 
and phosphatidylethanolamine (PE) is implicated in the 
activation of both complement and coagulation systems 
after tissue injury, and in removal of injured or 
L5 apoptotic cells by the reticuloendothelial system (A.J. 

Schroit and R.F.A. Zwaal , Biochim Biophys^ Acta 1971:313- 
329, 1991; V.A. Fadok, fit fil - . iU »^ 148 = 2207-2216 , 
19 96; R.H. Wang, fit*!., Cli^ iBY^st. 92:1326-1335, 

1993; D. Pradhan, et al . , M°i^ BifiL. Cfill 8:767-778, 
20 1997) . Although migration of these phospholipids (PL) 

from inner to outer plasma membrane leaflets is known to 
occur as an early event either in programmed cell death 
or in response to complement-mediated cell injury, and- to 
be related to an elevation of intracellular [Ca-] 
25 ([Ca-] c >. until recently, little was known about the 

cellular constituents that participate in this process of 
reorganizing the topology of the plasma membrane 
phospholipids . 
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Transformed cancer cells exhibit the capacity to 
proliferate through unregulated mitotic division and to 
resist the normal cycle of senescence and programmed cell 
5 death characteristic of most normal untransformed ceils. 
A dditionally, malignant cancer cells in vivo exhibit the 
capacity to evade detection or injury by the body's 
immune defenses, including cellular killing by cytotoxic 
T- lymphocytes, humoral killing by antibody and 
10 complement, and removal by macrophages and other 

phagocytic cells of the reticuloendothelial system. 
Whereas there is now little information as to the 
specific role played by the plasma membrane phospholipids 
in the oncogenic and malignant potential of a cell, the 
X5 potential importance of the transbilayer transport of 

phospholipid between leaflets of the plasma membrane to 
the growth behavior and senescence of a cell is suggested 
by evidence that (1) sp hingomyelin-derived ceramide 
participates in the intracellular signaling that results 
2 0 in apoptosis (supra, (2, early events in both apoptosrs 
and immune injury include the cell surface exposure of 
the aminophospholipids PS and PE, (supra, and (3, cell 
surface PE has been shown to promote activation of the 
complement system including generation of the opsin C3b 
25 and the cytolytic complex, C5b- 9 . whereas cell surface PS 
has been shown to directly promote clearance through the 
reticuloendothelial system, by promoting cytoadhesion and 
phagocytosis by tissue macrophages. <*.H. Wang, at «1- . 
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L fliO. IrcML. 92=1326-1335, 1993,- V.A. FadoK. at L. 
J_ MWL 148:2207-2216, 1992,- R.P.A. and A.J. 

Schroit. This implies that conditions that 

induce collapse of the normal plasma membrane 
5 phospholipid asymmetry, i.e., that promote the ingress of 
sphingomyelin from outer to inner plasma membrane leaflet 
and the egress of PS and PE from inner to outer leaflet, 
would serve to accelerate apoptosrs (through generation 
of ceramide) and to accelerate cell removal through the 
10 reticuloendothelial system (through combined effects of 
cell surface PS and PE) . Consistent with this premise, 
Der, at al. (Der. at «!• . ^ IIS* 
95:15623-15628, 1998) reported that treatment with 
interferons markedly elevates expression of certain 
15 apoptosis-related genes, including PL scramblase. Der, 
St al. propose that the anti-tumor activity of 
interferons in vivo may relate to increased expression of 
PL scramblase in tumor cells containing interferon 
receptors, thereby promoting movement of PS to the cell 
20 surface and accelerating clearance through the 
reticuloendothelial system. 

on the other hand, conditions that restrict or 
prevent this transbilayer movement of plasma membrane 
phospholipids would protect from cell death and promote 
25 the perpetual survival of the cell in vivo. 
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THpnHtv of a prn rpin mediating bidirectional 
franshilaver movement of p lasma membrane phospholipids 
(PT, Scramblase) 

Basse, et al. and Stout, et al. recently reported 
5 the purification and preliminary characterization of an 

integral RBC membrane protein that, when reconstituted in 
liposomes, mediates a Ca 2+ - dependent transbilayer movement 
of PL mimicking plasma membrane PL reorganization evoked 
upon elevation of [Ca 2 *] c (F. Basse, et al., J, Biol . 
10 Chem. 271:17205-17210, 1996; J.G. Stout, et al., Clin. 
Invest . 99:2232-2238, 1997). Evidence that a protein of 
similar function must also be present in platelets was 
recently reported by Comfurius, et al. (P. Comfurius, et 
al., Ri ochemistrv 35:7631-7634, 1996). 
15 The molecular identity of this PL scramblase protein 

including cDNA and deduced protein sequence of the full- 
length polypeptide was disclosed in US Patent Application 
Serial No. 08/949,246 and reported in Zhou, et al. {Q. 
Zhou, et al., iT . Biol. Chem. 272 (29) : 18240-18244 , 1997). 
20 This report also provides evidence that this same protein 
mediates plasma membrane PL scramblase function in a wide 
variety of human cells and tissues. Furthermore, this 
report discloses cell-to-cell differences in the level of 
expression of mRNA encoding PL scramblase, implying 
25 tissue-specific regulation of gene expression. 

Analysis of the cDNA-derived protein sequence 
revealed a strongly-preferred (p<0.01) inside-to-outside 
orientation of the predicted 19 residue transmembrane 
helix, consistent with a type II plasma membrane protein. 
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Most of the polypeptide (residues 1-290) thereby extends 
from the cytoplasmic membrane leaflet, leaving a short 
exoplasmic tail (residues 310-318) (Q. Zhou, et al . , 
supra , 1997) . The predicted orientation of this protein 
5 is consistent with the anticipated topology of PL 

scramblase in the erythrocyte membrane, where lipid- 
mobilizing function is responsive to [Ca 2+ ] only at the 
endofacial surface of the membrane (Q. Zhou, et al., 
supra , 1997; P. Williamson, et al . , Biochemistry 31:6355- 
10 6360, 1992; E.F. Smeets, et al., Biochim. Biophys . Acta 
BioMembr . 1195:281-286, 1994; F. Basse, et al. , supra , 
1996; J.G. Stout, et al., supra , 1997; P. Williamson, et 
al., Biochemistry 34:10448-10455, 1995; D.L. Bratton, 
Biol. Chem. 269:22517-22523, 1994). 
15 Consistent with the divalent ion- dependence of its 

PL-mobilizing activity, Zhou, et al. identified a 
conserved EF-hand-like motif in PL scramblase that is 
required for the Ca 2+ -accelerated transbilayer movement of 
membrane phospholipids (Zhou, et al., Biochemistry 
20 37:2356-2360, 1998), and PL scramblase was shown to 

undergo a prominent conformational change upon binding 
Ca 2+ (Stout, et al., Biochemistry 37:14860-14866, 1998). 
Human PL scramblase was shown to be thiol -esterified with 
palmitate at cytoplasmic cysteinyl residue (s) and 
25 evidence provided that the normal PL-mobilizing activity 
of this protein is dependent upon such post - translational 
modification of the polypeptide with fatty acid (Zhao, et 
al., Biochemistry 37:6361-6366, 1998). 
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In addition to platelet and red blood cell, PL 
scramblase activity has been observed in many other 
cells, and this Ca 2 *- induced response is thought to be 
central to the rapid movement of PS and . 
5 phosphatidylethanolamine from inner plasma membrane 

leaflet to the surface of perturbed endothelium, and a 
variety of injured and apoptotic cells (R.F.A. Zwaal and 
A.J. Schroit, supra , 1997) . The resulting exposure of PS 
at the cell surface is thought to play a key role in 
10 removal of such cells by the reticuloendothelial system, 
in addition to activation of both the plasma complement 
and coagulation systems (R.H. Wang, et al . , supra, 1993; 
V.A. Fadok, et al., supra , 1992; R.F.A. Zwaal and A.J. 
Schroit, supra , 1997; D. Pradhan, et al., supra , 1997). 
15 Whereas the molecular mechanism (s) in each circumstance 
remains unresolved, evidence for a specific platelet 
membrane protein functioning to accelerate migration of 
PL between membrane leaflets at increased cytosolic [Ca 2+ ] 
has been reported (P. Comfurius, et al . , supra , 1996; 
20 Zhou, et al., supra , 1997), similar to the proposed role 
of PL scramblase in red blood cells (F. Basse, et al . , 
supra , 1996; J.G. Stout, et al., supra, 1997). It was 
thus of interest to determine whether mRNA for this 
protein is expressed in nucleated cells where PL 
25 scramblase -like activity has been observed. 

Northern blotting with PL scramblase cDNA revealed 
transcripts of -1.6 and -2.6 kb in all tissues and cell 
lines tested (Q. Zhou, et al . , supra, 1997). Some 
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tissue-to-tissue and cell line variability in the 
relative abundance of these two transcripts is apparent, 
the significance of which remains to be determined. Also 
notable was markedly reduced expression in HL-60 and the 
5 lymphoma lines Raji and MOLT -4 whereas abundant message 
was detected in spleen, thymus, and peripheral 
leukocytes. In addition to the transformed cell lines 
shown, mRNA for PL scramblase was also confirmed in human 
umbilical vein endothelial cells. Whereas these data 
10 imply that the same protein identified as mediating 

accelerated transbilayer flip-flop of the erythrocyte 
membrane PL also plays a similar role in the plasma 
membrane of platelets, leukocytes and other cells, actual 
confirmation for this role of PL scramblase awaits 
15 analysis of a cell line that is selectively deficient in 
this protein (Q. Zhou, et al., supra, 1997). In Scott 
syndrome, a bleeding disorder related to an inherited 
deficiency of plasma membrane PL scramblase function, 
erythrocytes deficient in PL scramblase activity were 
20 found to contain normal amounts of the PL scramblase 

protein (J.G. Stout, et al., supra , 1997). Furthermore, 
despite the apparent deficiency in Scott syndrome cells 
of endogenous PL scramblase function, when PL scramblase 
protein from these cells was purified and reconstituted 
2 5 in proteoliposomes containing exogenous PL, it exhibited 
normal Ca 2 * -dependent PL-mobilizing activity (J.G. Stout, 
et al., supra . 1997). Consistent with these results, 
analysis of B lymphoblasts from a patient with Scott 
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syndrome by Northern blot and RT-PCR revealed normal 
amounts of RNA and cDNA of PL scramblase, respectively, 
and cDNA sequence was identical to that previously 
reported for PL scramblase (Q. Zhou et al . , Blood 
92:1707-1712, 1998). These results suggest that in 
addition to the known regulation by intracellular [Ca 2+ ] , 
the activity of PL scramblase in the plasma membrane is 
regulated by other as yet unidentified membrane or 
cytoplasmic component (s) . 

Relationship of PL Scra mblase to Cancer 

Kasukabe et al . , 1997 (T. Kasukabe, et al . , Blood 
89:2975-2985, 1997) disclose a gene designated NOR1 that 
is down-regulated in transformed murine monocytes 
relative to amount of mRNA expressed in normal mouse 
cells and a 5* -truncated form of this same transcript 
(designated TRA1 ) that is over-expressed in leukemogenic 
mouse monocytic cell lines but not found in the non- 
leukemogenic monocytic cell lines. They suggest that the 
Tral gene product is associated with the leukemogenesis 
of monocytic Mm cell lines. 

Analysis of the open reading frame predicted by the 
NOR1 and TRA1 cDNA sequences reveals near- identity of 
protein sequence with mouse or human PL scramblase in the 
overlapping portions of each polypeptide. The apparent 
identity of the full-length N0R1 gene product as the 
mouse homologue of human PL scramblase was recently 
confirmed on the basis of cDNA cloning and sequence 
analysis (T. Kasukabe, et al . , Biochem. Biophys . Res_^ 
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Commun . 249:449-55, 1998.) As will be detailed below, 
the present invention relates to our discovery that the 
level of expression of PL scramblase influences the 
capacity of cells to resist complement injury or to 
5 succumb to stimuli that induce programmed cell death. 
The present invention also relates to the role of PL 
scramblase in promoting clearance of injured or apoptotic 
cells by the phagocytic cells of the reticuloendothelial 
system. 

0 Needed in the art is a method for modulating the 

activity or level of phospholipid scramblase within a 
cell, organ or tissue in which one wishes either to 
reduce the potential for cell death and resulting 
clearance of beneficial cells by the scavenger 

5 macrophages of the reticuloendothelial system (by 

decreasing cellular PL scramblase expression or activity) 
or to promote cell death and cell clearance from the body 
of undesireable cells (by increasing cellular PL 
scramblase expression or activity) . 

0 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

Fig. 1A is a comparison of the cDNA and deduced 
amino acid sequence of human PL scramblase (SEQ ID NOs : 1 
and 2) . 

Fig. IB is a comparison of the cDNA and deduced 
5 amino acid sequence of murine PL scramblase (SEQ ID NOs : 3 
and 4) . 
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Fig. 2 is a bar graph illustrating 
immunoprecipitation of erythrocyte PL scramblase. 

Fig. 3 is a graph of an activity assay of 
recombinant PL scramblase. 

Fig. 4 is an immunoblot of PL scramblase in human 
erythrocytes and platelets . 

Fig. 5 is a comparison of protein sequences of mouse 
and human PL scramblase (SEQ ID NOs : 2 and 4) . 

Fig. 6 is a bar graph of PL scramblase activity as a 
) function of mutational analysis of a putative EF hand 
loop motif contained in human PL scramblase. 

Fig. 7 graphs the Ca 2 * dependence of mutant human PL 
scramblase with amino acid substitutions in putative Ca 2 - 
binding site. 

5 Fig. 8 is a Western blot analysis of PL scramblase 

protein and corresponding functional assay of PL 
scramblase activity in various human cell lines. 

Fig. 9A and B are fluorescence micrographs of GFP-PL 
scramblase in transformed Ra j i cells. Fig. 9A depicts 
0 fluorescence of cells expressing GFP; Fig. 9B depicts 

cells transfected with pEGFP-C2-PL scramblase plasmid and 
expressing GFP-PL scramblase fusion protein. 

Fig. 10 is a graph showing that the level of 
expression of PL scramblase determines plasma membrane 
25 sensitivity to intracellular calcium. 

Fig. 11 is a bar graph illustrating inactivation of 
PL scramblase by hydroxyl amine . 
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Fig- 12 is analysis of metabolically- labeled PL 
scramblase by SDS-PAGE revealing covalent incorporation 
of thioester- linked fatty acid. 

Fig. 13 is analysis by thin layer chromatography 
5 ' demonstrating that PL scramblase contains covalent 
palmitic acid. 

Fig. 14A and B is a bar graph illustrating the role 
of PL scramblase in PS exposure during apoptosis of B- 
lymphocytes. Fig. 14A compares Raji and W9 cell lines. 
LO Fig. 14B compares individual Raji cell clones that were 
stably transfected with either pEGFP-C2 or with pEGFP-PL 
scramblase and then induced to apoptosis. 

Fig. 15 is a bar graph illustrating the percent 
apoptotic cells for Raji cells, Raji cells transfected 
15 with GFP-PL scramblase fusion protein or GFP vector as a 
control . 

DESCRIPTION OF THE INVENTION 

The present invention relates to the creation and 
use of reagents and methods to either inhibit or promote 

20 cell injury, cell death, and cell clearance from the 

body. These reagents and methods rely on the properties 
of phospholipid scramblase (PL scramblase) , a protein 
that mediates Ca 2+ - dependent transbilayer movement of 
plasma membrane phospholipids that are involved in the 

25 activation of the plasma complement and coagulation 

cascades and are substrates for cellular enzyme cascades 
that mediate programmed cell death. 
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In one embodiment, the present invention is a method 
for decreasing the viability of cancer cells or virus- 
infected cells comprising the step of increasing the 
amount or activity of PL scramblase in the plasma 
membrane of the cancer cell, cancerous tissue, or virus- 
infected cell, thereby promoting the movement of plasma 
membrane phospholipids between inner and outer plasma 
membrane leaflets. Preferably, the increase in PL 
scramblase is accomplished by activating the promoter of 
) the endogenous PL scramblase gene or by delivering cDNA 
encoding PL scramblase, provided in a suitable targeting 
vector to the cell or tissue. In a preferred embodiment, 
cDNA encoding PL scramblase is delivered to the cell or 
tissue in a targeting vector, where the vector is a 
5 retrovirus or adenovirus vector containing the PL 
scramblase cDNA. 

The feasibility of this strategy is exemplified by a 
recent report by Der, et al. (supra, 1998) that treatment 
of a human fibrosarcoma cell line with interferons 
:0 markedly elevates expression of a number of apoptosis- 
related genes, including PL scramblase. Der, et al. 
hypothesize that the anti-tumor activity of interferons 
in vivo may relate to increased expression of PL 
scramblase in tumor cells containing interferon 
2 5 receptors, thereby promoting movement of PS to the cell 
surface and accelerating clearance through the 
reticuloendothelial system. 
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In another embodiment, the present invention is a 
method for inducing programmed cell death (apoptosis) of 
a cell, preferably a mammalian cell, comprising the step 
of increasing the level of expression of plasma membrane 
5 PL scramblase, thereby increasing the movement of plasma 
membrane phospholipids between membrane leaflets, 
resulting in the movement of the phospholipid 
sphingomyelin from outer membrane leaflet to inner 
leaflet and the increase in production of ceramide from 
10 sphingomyelin through the action of the cytoplasmic 

enzyme sphingomyelinase. The resulting ceramide is known 
to induce activation of a cascade of cellular enzymes 
that ultimately lead to apoptotic cell- death. 

In another embodiment, the present invention is a 
15 method for promoting clearance of a cell from the body by 
phagocytic uptake into the reticuloendothelial system 
comprising the step of increasing the level of expression 
of plasma membrane PL scramblase, thereby increasing cell 
surface exposure of phosphatidylserine and 
20 phosphat idyl ethanol amine through the movement of these 

aminophospholipids from inner plasma membrane leaflet to 
outer plasma membrane leaflet. Cell -surf ace-exposed 
phosphatidylserine is known to directly promote adhesion 
and phagocytosis by macrophages and other cells of the 
2 5 reticuloendothelial system whereas 

phosphat idyl ethanol amine promotes cell adhesion and 
phagocytosis by macrophages and other cells of the 
reticuloendothelial system by promoting complement 
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activation, which opsonizes the cell surface with 
complement C3b. 

in another embodiment, the present invention is a 
method of promoting the viability of a mammalian cell, 
5 both in in vitro cell culture and in vivo, comprising the 
• step of decreasing the activity of the plasma membrane PL 
scramblase, thereby inhibiting movement of plasma 
membrane phospholipids between inner and outer membrane 
leaflets. The decrease in plasma membrane PL scramblase 
10 is accomplished by either decreasing expression of the 
endogenous PL scramblase gene or by delivering to the 
cell an inhibitor of the PL scramblase protein. In one 
embodiment, the expression of PL scramblase is inhibited 
by delivering to the cell antisense oligonucleotides or 
15 antisense cDNA to PL scramblase RNA. In another 

embodiment, a defective form of the PL scramblase protein 
is expressed in the cell and that mutant PL scramblase 
inhibits the endogenous PL scramblase. In the preferred 
embodiment, endogenous PL scramblase is inactivated by 
20 deacylating essential' fatty acids from the protein that 
are required for normal PL scramblase function in the 
plasma membrane. By decreasing the activity of plasma 
membrane PL scramblase, the cell is protected due to 
decreased hydrolysis of plasma membrane sphingomyelin to 
25 ceramide (mediated by cellular sphingomyelinase) , as well 
as by decreased exposure of the procoagulant and 
complement - act ivat ing aminophosphol ipids 
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phosphatidylserine and phosphatidylethanolamine at the 

cell surface. 

in another embodiment, the present invention is a 
method of preventing the phagocytic removal and clearance 
5 of a transfused or transplanted cell by preventing 

surface exposure of plasma membrane phosphatidylserine 
by delivering to the cell a mutant phospholipid 
scramblase that inhibits the endogenous PL scramblase. 
This scramblase is preferably mutated at a site of post- 
10 translational modification, most preferably the site is 
selected from the group consisting of Asp 2 " -Asp 284 , Thr 1 " 
and conserved cysteines of human PL scramblase or the 
corresponding conserved residues in mouse or other 
mammalian PL scramblase. 
15 in one embodiment, a gene construct encoding a 

mutant phospholipid scramblase is delivered to the cell, 
in an alternative embodiment, the mutant protein itself 
is delivered. 

In another embodiment the present invention is a 
20 method of diagnosing metatastic and invasive potential or 
growth potential of a cancer cell or cancerous tissue. 
This method may comprise the step of analyzing the amount 
of PL scramblase RNA or protein within a patient's cell 
sample. We predict that the presence of a comparatively 
25 low amount of PL scramblase RNA or protein will indicate 
the presence of cancerous tissue. The level of PL 
scramblase RNA may be measured by in situ hybridization 
or Northern blotting with PL scramblase cDNA or by 
-20- 
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polymerase chain reaction using oligonucleotide primers 
based on sequence of human PL scramblase RNA. 

Alternatively, the method may comprise the step of 
analyzing the sequence of a patient's PL scramblase gene, 
5 RNA or protein for the presence or absence of mutations. 
This analysis may preferably be selected from the group 
consisting of restriction fragment length polymorphism, 
sequencing by RT-PCR, Northern blotting, Western 
blotting, electrophoretic gels, protease digestion, and 
10 other techniques designed to analyze RNA, DNA or protein 
sequence . 

In a preferred embodiment, the present invention 
involves the use of a preparation of a plasma membrane 
phospholipid scramblase ("PL scramblase"). It is now 
15 known that PL scramblases isolated from various species 
have sequence variations. By "PL scramblase" we include 
these variants as well as the proteins as described in 
U.S. Serial No. 08/790,186, Serial No. 08/949,246, Zhao, 
etal. f.T- Biol. Chem. 272 (29) : 18240-18244 , 1997), and 
20 Kasukabe, et al . , (Biochem. Biophys. Res. Comm. 249:449- 
55, 1998) and genes or cDNAs encoding these proteins. 

Preferably, the protein is approximately 35-37 kD as 
measured on a 12.5% SDS polyacrylamide gel under reducing 
conditions. In a most preferred form of this invention, 
25 the preparation is a human or a mouse PL scramblase. 
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In one preferred embodiment of the present 
invention, the PL scramblase comprises SEQ ID NO:2, 
representing human PL scramblase, possibly with 
conservative or functionally equivalent substitutions. 
5 in. the most preferred embodiment of the present 

invention, the PL scramblase has been modified by the 
action of mammalian cellular enzymes to covalently 
incorporate phosphorus at one or more Thr, Ser, or Tyr 
residues or a fatty acid, preferably palmitate, at a 
0 cysteine residue. 

The present invention may also use a murine cell 
protein, wherein the protein is a plasma membrane 
phospholipid scramblase, preferably wherein the protein 
is approximately 35 kD as measured on a 12.5% 
L5 SDSpolyacrylamide gel under reducing conditions. 

in another preferred embodiment of the present 
invention, the murine PL scramblase has been modified by 
the action of mammalian cellular enzymes to covalently 
incorporate phosphorus at one or more Thr, Ser, or Tyr 
residues, and a fatty acid, preferably palmitate, at a 
cysteine residue. 

The present invention may employ an inhibitor of the 
PL scramblase activity of PL scramblase. This inhibitor 
may be an antisense nucleotide derived from the DNA 
25 sequence of PL scramblase. In another embodiment, the 
inhibitor is a peptide sequence that is a competitive 
inhibitor of PL scramblase activity. In another 
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embodiment, the inhibitor is an antibody, preferably a 
monoclonal antibody, raised against PL scramblase . 

in another embodiment, the inhibitor works by 
modifying or inhibiting the post- translational 
5 modifications of the PL scramblase that are disclosed 
below in the Examples. For example, analysis of the 
primary PL scramblase sequence reveals a potential site 
of phosphorylation by protein kinase C or other cellular 
kinase (Thr-) , potential sites for acylation by fatty 
10 acid, and a potential binding site for Ca- ion provided 
by an EF-hand-like loop spanning residues Asp^-Asp 2 ". 
These residues and motifs are conserved in the mouse PL 
scramblase . 

in another embodiment, the inhibitor is a compound 
15 that prevents thioacylation of the protein. 

In another embodiment, a mutant phospholipid 
scramblase is provided in which cysteine residues have 
been replaced by alanine or other non- conservative 
substitution. 

20 The present invention is also a method for promoting 

the viability and circulating lifetime of in vitro stored 
leukocytes, lymphocytes, platelets, or red blood cells. 
This method comprises the steps of adding an inhibitor of 
PL scramblase activity to the stored blood cells. 
25 The present invention is also a method for 

prolonging survival of transplanted cells, tissues,- or 
organs, comprising the step of adding an inhibitor of PL 
scramblase activity to an organ perfusate or cell storage 
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medium during in vitro organ storage. The present 
invention is also a method for prolonging the survival of 
transplanted cells, tissues, and organs by genetically 
engineering the cells to be transplanted so as to reduce 
5 their expression of plasma membrane PL scramblase in 

order to reduce exposure of PS and other thrombogenic and 
pro-inflammatory phospholipids at the plasma membrane 
surface. In one embodiment of the present invention, the 
transplanted cells to be treated are hematopoietic stem 
10 cells to be used to repopulate the bone marrow by 
transfusion into a patient. 

The present invention is also a method for 
diagnosing the survivability, metastatic, and invasive 
potential of a cancer cell or cancerous tissue or virus- 
15 infected cell by quantifying the level of cellular 

expression of PL scramblase and by detecting deletion or 
loss of function mutations in PL scramblase. For 
example, this quantitation may take the form of 
immunoblotting using an antibody to PL scramblase, an 
20 ELISA assay using an antibody to PL scramblase, flow 

cytometric analysis of the binding of monoclonal antibody 
reactive against the predicted extracellular domain of PL 
scramblase (residues Ser 310 Trp 318 of sequence disclosed in 
SEQ ID NO: 2 or the equivalent residue in the conserved 
2 5 region of another PL scramblase) or using 

oligonucleotides derived from PL scramblase cDNA and the 
polymerase chain reaction. In one method, Northern 
blotting or in situ hybridization is performed using cDNA 



WO 99/36536 £ W PCT/US99/01087 

of human PL scramblase as probe. In another method of 
the present invention, mutations in the PL scramblase 
gene locus are detected by DNA sequencing of the cDNA 
product of the polymerase chain reaction and by analysis 
5 of restriction length polymorphisms. In another method 
of the present invention, the quantitation is performed 
by isolating PL scramblase from tissue biopsy or a 
patient blood sample, measuring the amount of PL 
scramblase isolated and comparing the measurement with a 
10 control sample. The measurement may be by isolating PL 
scramblase from a patient tissue biopsy or blood sample 
and measuring via densitometry the amount of PL 
scramblase protein electrophoresed in a stained 
electrophoretic gel. 

15 EXAMPLES 

EXAMPLE 1 : Cloning of Murine PL scramblase and 
Identity of a Conserved Motif in Phospholipid Scramblase 
that is Required for Accelerated Transbilayer Movement of 
Membrane Phospholipids by Ca a - (Zhou, et al . , Biochemistry 
20 37:2356-2360, 1998) . 
A. Summary 

Accelerated transbilayer movement of plasma membrane 
phospholipids (PL) upon elevation of Ca»* in the cytosol 
plays a central role in the initiation of plasma clotting 
25 and in phagocytic clearance of injured or apoptotic 
cells. we recently identified a human erythrocyte 
membrane protein that induces rapid transbilayer movement 
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of PL at elevated Ca 2 * , and presented evidence that this 
PL scramblase is expressed in a variety of other cells 
and tissues where transbilayer movement of plasma 
membrane PL is promoted by intracellular Ca 2 * (Q. Zhou, et 
5 al., J. Biol. Chem. 272:18240-18244, 1997). We have now 
cloned murine PL scramblase for comparison to the human 
polypeptide (Fig. IB) : Both human and murine PL 
scramblase are acidic proteins (pl=4.9) with a predicted 
inside-out side (type 2) transmembrane segment at the 
10 carboxyl- terminus (Fig. 5). Whereas human PL scramblase 
(318 AA) terminates in a short exoplasmic tail, murine PL 
scramblase (307 AA) terminates in the predicted membrane- 
inserted segment. The aligned polypeptide sequences 
reveal 65% overall identity, including near identity 
15 through 12 residues of an apparent Ca 2+ binding motif 

(D [A/S] DNFGIQFPLD) spanning residues 273-284 (human, SEQ 
ID NO:2) and 271-282 (murine, SEQ IDN0:4), respectively 
(Fig. 5) . This conserved sequence in the cytoplasmic 
domain of PL scramblase shows similarity to Ca 2+ -binding 
20 loop motifs previously identified in known EF-hand 

structures. Recombinant murine and human PL scramblase 
were each expressed in E. coli and incorporated into 
proteoliposomes. Measurement of transbilayer movement of 
NBD- labeled PL confirmed that both proteins catalyzed 
25 Ca 2 *- dependent PL flip/flop similar to that observed for 
the action of Ca 2+ at the cytoplasmic face of plasma 
membranes. Mutation of residues within the putative EF 
hand loop of human PL scramblase resulted in loss of its 
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PL mobilizing function, suggesting that these residues 
directly participate in the Ca- induced active 
conformation of the polypeptide. 
B . g-xr perime ni-^l Procedures 
5 Abbreviations used: PL, phospholipids (s) ; PC, 

phosphatidylcholine; PS, phosphat idyl serine ; NBD-PC, 1- 
oleoyl-2- [6 (7-nitrobenz-2 -oxa- 1 , 3-diazol-4- 
yl) amino] caproyl-sn-glycero-3-phosphocholine; EST, 
expressed sequence tag; MBP, maltose binding protein; 
10 • PAGE, polyacrylamide gel electrophoresis; bp, base 
pair(s); PCR; polymerase chain reaction. 

Materials: Mouse fibroblast 5 -stretch plus cDNA 
library and KlenTaq polymerase were obtained from 
CLONTECH Laboratories. Expressed sequence Tag (EST) 
15 clone with GenBank™ accession number gb AA110551 was from 
American Type Culture Collection (ATCC 977052) . a-»P- 
dCTP was purchased from Dupont . Random Primed DNA 
Labeling Kit was from Boehringer Mannheim. Hybond-N 
Nylon membrane was from Amersham. Expression vector 
20 pMAL-C2, amylose resin and all restriction enzymes were 
from New England Biolabs . Wizard Kit was from Promega. 
Qiagen Lambda Kit was from Qiagen. Egg yolk 
phosphatidylcholine (PC) , brain phosphat idyl serine (PS) 
and i-oleoyl-2-[6(7-nitrobenz-2-oxa-l,3-diazol-4- 
25 yl) amino] caproyl-sn-glycero-3-phosphocholine (NBD-PC) 
were obtained from Avanti Polar Lipids. Factor Xa was 
from Haematologic Technologies, and Bio-Beads SM-2 were 
from BioRad. N-octyl -3-D-glucopyranoside and Glu-Gly-Arg 
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chloromethyl ketone were from Calbiochem. Sodium 
dithionite (Sigma) was freshly dissolved in 1 M Tris, pH 
10, at a concentration of 1 M. 

T -Kpnr, n »f nNA Probe : The DNA insert of EST clone 
5 gb AA110551 was released by digestion with EcoRI and 
Apall and purified by Wizard Kit. Four micrograms of 
purified DNA were labeled with 1 mCi of ot-»P-dCTP. The 
specific radioactivity of the probe was 3 . 9 x 10- dpm/^g 
DNA. 

10 Tcnl.tion of MrM )gp PT. Scramhlasp cDNA by Plaque 
H yhririization : E. coli strain Y1090r was 
transformed by mouse fibroblast cDNA library (6 x 10= pfu) 
and poured onto 30 plates (15 cm diameter, 20,000 pfu per 
plate) . Plaques were lifted onto Hybond-N Nylon 
15 membranes. After denaturation, neutralization and UV- 

cross- linking, the membranes were first prehybridized in 
a solution composed of 5X Denhardt, 5X SSC, 1% SDS, and 
200 /xg/ml herring sperm DNA for 3 hours at 6 8°C, and then 
hybridized in the same solution containing 5 ng/ml 32 P- 
20 labeled probe for 16 hours at 68°C. The membranes were 
washed once with 2X SSC, 0.1% SDS, then three times with 
0.1 X SSC, 0.1% SDS for 20 minutes at 65°C, and exposed 
to X-ray film. Secondary plaque lifts and hybridization 
were carried out on 8 positive plaques at a density of 
25 about 100 plaques/plate. Single positive and well 

isolated plaques were picked and amplified. XDNA was 
purified with Qiagen Lambda Maxi Kit. 
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sm _S^ncin a . DNA was sequenced on an ABI DNA 
Sequencer Model 373 Stretch (Applied Biosystems) using 
PRISM Ready Reaction DyeDeoxy Terminatpr Cycle Sequencing 
Kit (Perkin Elmer) . 
5 rinnin. of PL Scrimhlase into PMAL-C2 

^...^ v^tor . in order to express mouse PL 
scramblase as a fusion protein with maltose binding 
protein (MBP) , cDNA encoding mouse PL scramblase was 
cloned into P MAL-C2 expression vector. PCR was performed 
10 on a mouse scramblase clone using the primers = 'TCA GAA 

TTC GGA TCC ATG GAG GCT CCT CGC TCA GGA AC" (SEQ ID NO: 8) 
with an ECORI site before the ATG start codon and -GCT 
TGC CTG CAG GTC GAC CTA CAC ACA GCC TTC AAA AAA CAT 
GMSBQ ID N0:9> with a Sail site after the stop codon. 
15 KlenTaq polymerase was used to ensure high fidelity 

amplification. The PCR product was digested with EcoRI 
and Sail, isolated by electrophoresis, and cloned into 
P MAL-C2 immediately 3' of MBP. E. coll strain TBI was 
transformed, and sequence of the cDNA insert of plasmid 
20 from a single colony was confirmed. 

T -r 1 ~ ™h p„rifi^Mon of MPU^ PL ^ramMase- 

r „ r Protein : Mouse PL scramblase was expressed as 

fusion protein with MBP in E. coli TBI and purified on 
amylose resin as previously described for human PL 
25 scramblase (Q ■ Zhou, at al. , ^ Eioi, Ctou 272:18240- 
18244, 199-7) • The purified fusion protein was 
centrifuged at 106,000 x g for 1 hour at 4°C to remove 
aggregated protein. 
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D ^on g rit-,iti 0 n Functi onal Activity of PL 

Scrainblase: Reconstitut ion, removal of MBP, and 
functional assay of PL scramblase were performed as 
previously described (F. Basse, et al . , Biol^ Cherry 
271:17205-17210, 1996; Q. Zhou, et al., supra, 1997; J.G. 
Stout, et al. , J, Clin. Invest. 99:2232-2238, 1997) . 
Routinely, 420 pmoles of protein were reconstituted with 
1 M mol of PL. To remove MBP, proteoliposomes were 
incubated 3 hours at room temperature with 1/40 (w/w) 
D factor Xa . The digest was terminated by addition of 100 
M M Glu-Gly-Arg chloromethyl ketone. Proteoliposomes 
labeled with NBD-PC were incubated for 2 hours at 37*C in 
Tris buffer in the presence or absence of CaCl 2 as 
indicated in figure legends and diluted 25-fold in Tris 
5 buffer containing 4 mM EGTA . Initial fluorescence was 
recorded (SLM Aminco 8000 spectrof luorimeter ; excitation 
at 470 nm, emission at 532 nm) , 20 mM dithionite was 
added, and the fluorescence was continuously monitored 
for a total of 120 seconds. Scramblase activity was 
calculated according to the difference in non-quenchable 
fluorescence observed in presence vs absence of CaCl 2 . 
ionized tea-] was calculated using FreeCal version 4.0 
software (generously provided by Dr. Lawrence F. Brass, 
University of Pennsylvania, Philadelphia, PA) . 

r^nt-rations: Protein concentrations were 
estimated based upon optical density at 280 nm, using 
extinction coefficients (M-cm-) of 39,000 (PL 
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scramblase), 64,500 (MBP), and 105,000 (PL scramblase-MBP 
fusion protein) . 

Mutagenesi s ^ pt. ^ramblase: Human PL scramblase 
amino acid residues in EF-hand Ca 2 *-binding motif at 
positions of Asp-, Asp- 5 , Phe"', He 2 -, Phe 2 - and Asp- 
were mutated to Ala with oligonucleotide-directed 
mutagenesis by two rounds of PCR. PL scramblase -pMAL-C2 
was selected as template, and the first round of PCR was 
performed with pairs of a complementary oligonucleotide 
) primer containing the point mutation plus a primer 

complementary to a site near the ATG initial codon or TAG 
stop codon. PCR products were purified by Wizard kit. 
Full-length mutated PL scramblase cDNA was obtained by 
overlapping PCR and cloned back into pMAL-C2 vector. 
5 After confirmation of correct DNA sequence the mutants 
were recombinantly expressed in E. coli as described 
above and analyzed by SDS-PAGE. 
C . Results and Dis cussion 

Tanlation nf cDNA o f Mouse PL Scramblase. Murine 
EST clones in GenBank containing putative PL scramblase 
sequence were identified by a Blast homology search using 
the human PL scramblase cDNA. Among several clones 
exhibiting significant homology, a 403 bp Stratagene 
mouse kidney clone (gb accession number AA110551) with 
25 79% nucleotide sequence identity to human PL scramblase 
was selected and this clone was used to probe a mouse 
fibroblast cDNA library. Eight positive clones were 
identified after two rounds of plaque hybridization. Two 
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of the eight clones were sequenced yielding 1354 bp and 
1529 bp, respectively. Alignment revealed 1261 bp of 
overlapping sequence that spanned an open reading frame 
of 921 bp and specified a total of 1622 bp of unique cDNA 
5 sequence (SEQ ID NO: 3) . 

SEQ ID NO: 4 represents the open reading frame of the 
translated sequence of SEQ ID NO : 3 (see Fig. IB). The 
deduced mouse PL scramblase cDNA encodes a 307 residue 
protein with a molecular weight of 33.9 kDa and a 
10 theoretical pi - 4.9, similar to values obtained for the 
human protein (318 residues, 35.1 kDa; pI-4.9; ref . (Q- 
Zhou, fit al-. supra , 1997) . The overall identity of the 
mouse and human PL scramblase is 64.8%, with the most 
divergent sequence generally contained in the N-terminal 
15 portion of the polypeptide (Fig. 5) . Fig. 5 depicts the 
alignment of protein sequences of mouse and human PL 
scramblase. Alignment between mouse (MLJR) and human 
(HUM) PL scramblase was performed by FASTA program using 
the Smith-Waterman algorithm. (W.R. Pearson and D.J. 
20 Lipman, Procu. Natl.^ Acad^_ Sc_i^_ USA 85:2444-244 8, 1988) 

Sequence of human PL scramblase is contained in GenBank™ 
accession number AF008445. Amino acid identities ( : ) 
or similarities ( . ) between the two sequences are 
indicated. Also indicated are the residues comprising a 
25 predicted inside-out transmembrane domain (MUR 289-307, 
HUM 291-309; double underline), and the 12 residues of 
the acidic loop of a putative EF-hand (MUR 271-282, HUM 
273-284; single underline) . 
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I„ both proteins, a single 19 residue trans— rane 
helix is predicted at the carboxyl terminus, exhibiting a 
strongly preferred in side-to-outside orientation. 
W hereas the mouse protein terminates immediately after 
s this conserved transmembrane helix, the human PL 

scramblase contains an additional nine residues, implying 
that the short exoplasmic peptide in human PL scramblase 
is non-essential to function. Homology motifs conserved 
in both proteins include a potential site for protein 
10 Kinase C phosphorylation «Thr>" in mouse, Thr- in human, 
and a potential Ca-binding EF-hand loop motif adjacent 
to the transmembrane helix (residue Asp"' to Asp- in 
m ouse and residues Asp- to Asp- in human) . The 
cytoplasmic orientation of this protein and the proximity 
1S of this putative Ca-binding domain to the segment of 

polypeptide that is inserted into the plasma membrane are 
consistent with the proposed activity of this protein rn 
situ, where Ca2 + acting directly at the endofacial 
membrane surface is known to initiate the rapid 
20 transbilayer movement of plasma membrane PL 

Williamson, et . , B^toni^y 31:6355-6360, 1992; 
R P.A. Zwaal and A.J. Schroit, Blaod 89 = 1121-11". 1997,- 
P Basse, ^ Z±. , ^ ^ ^ 271 = 17205-17210 , 1996, 
D.L. Bratton, ^^0^ 269:22517-22523, 1994; B. 
2S verhoven, at al-. Biosiim, EiSBto, AGU 1104 :1523, 
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nmaJ r n ^ »^Ht-v of Recom binant Mouse PL 

In order to confir. that the cDNA identified 
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as mouse PL scramblase encodes a protein o£ similar 
function to that identified in human, the human and mouse 
proteins were each expressed in £- col,, purified, and 
reconstituted in proteoliposomes for measurement of PL 
5 mobilizing activity. Mouse or human PL scram*lase-MBP 

£ usion protein (420 pmoles, was reconstituted into PC/PS 
liposomes (1 ,mol total PL), respectively, MBP was 
removed by digestion of the proteoliposomes with factor 
Xa and PL scramblase activity was determined as 
10 described under -Experimental Procedures" and plotted as 
a function of externa! free [C-] . The results of this 
experiment indicate that recombinant mouse PL scramblase 
mediated a Ca=-dependent transbilayer movement of 
membrane PL with a specific activity and affinity for Ca»- 
15 indistinguishable from that observed for the recombinant 
human protein. 

rT „. of a m atla-^ ^ 

M2£ii . As noted above, the deduced protein sequence of 
mouse and human PL scramblase reveals an extensive 
20 segment of highly conserved sequence extending through 

residue 01u~ <in human, corresponding to Glu- in mouse; 
Fig 5) . The predicted secondary structure through this 
portion of the protein reveals that it contains two short 
alpha-helical segments near the c-terminus that are 
25 separated by a !2-residue acidic loop. In both proteins 
(human and mouse), the c-terminal alpha helix represents 
a predicted transmembrane segment with a strongly- 
preferred inside-to-outside orientation, whereas sequence 
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contained within the adjacent 12-residue acidic loop 
conforms in-part to a consensus sequence that is 
characteristic of an EF-hand C a--binding loop motif (S. 
Nakayama and R.H. Kretsinger, AnmL. Bi^ph^ Bi^ 

5 struct, 23:473-507, 1994) . In this motif, residues in 

positions 1, 3, 5, 7, 9 and 12 of the loop contribute to 
octahedral coordinat.cn of the Ca- ion, with the residues 
in position l[Asp], 3 [Asp, Asn, or Ser] and 12 [Asp or 
Glu] being those most highly conserved. 
10 in order to gain insight into whether this segment 

of the protein might be directly involved in the Ca-- 
dependent reorganization of membrane PL mediated by PL 
scramblase, we expressed mutant human PL scramblase with 
Ala substitutions at positions corresponding to residues 
15 1 (Asp 273 ) / 3 (Asp-), 5 (Phe-). 7 (lie-). 9 (Phe»> . and 
12 (Asp*") of this putative 12 residue EF-hand loop. 

Fig. 6 illustrates PL scramblase activity as a 
function of mutational analysis of putative EF hand loop 
motif contained in human PL scramblase. Wild-type (WT) 
2 0 and mutant constructs of human PL scramblase were 
expressed as fusion proteins with MBP in E . coli, 
purified, and reconstituted in prdteoliposomes . After 
release of MBP by incubation with factor Xa, PL 
scramblase activity was assessed (see "Experimental 
25 Procedures") . For each mutant construct, the residues in 
human PL scramblase that were replaced by Ala are 
indicated on the abscissa. PL scramblase activity 
(ordinate) was measured in presence of 2 mM CaCl 2 , and in 
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each case was normalized to the activity of WT human PL 
scramblase (11.76 ± 0.44% of total NBD-PC flipped), with 
correction for the non-specific transbilayer movement of 
NBD-PC (0.20 ± 0.08% of total NBD-PC flipped) measured in 
5 PL vesicles lacking added protein. Error bars indicate 
mean ± SD of three independent measurements performed 
with each mutant construct. Fig. 6 illustrates the data 
of single experiment, representative of two separate 
experiments so performed. 
0 As illustrated by Fig. 6, Ala substitution at any of 

these positions reduced PL scramblase function, with 
mutation at Asp 27 * resulting in complete inactivation of 
the Ca 2 -dependent response. In those mutant polypeptides 
showing partial retention of activity, reduced response 
L5 to Ca 2 + was related in-part to an apparent reduction in 
avidity for Ca 2+ (Fig. 7) . 

Fig. 7 illustrates the Ca 2+ -dependence of mutant 
human PL scramblase. PL scramblase activity of wild-type 
(WT) and selected mutant constructs of Fig. 6 was 
20 determined as described in "Experimental Procedures" and 
plotted as a function of external free [Ca 2 *] : WT(«); 
Asp 2 "(D); Phe 2 "(A); Ile»» (0) ; Phe 2 "(o) ; Asp 28 MV) . The 
data are corrected for non-specific transbilayer 
migration of NBD-PC in the absence of free [Ca 2 -] . Data 
25 of single experiment. The results described in Fig. 7 
suggest that residues contained in the putative EF-hand 
loop spanning Asp 273 -Asp 2 " are critical to the function of 
PL scramblase, presumably for coordination of Ca 2 * as 
-36- 
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required to induce the PL transporting state of the 
protein. It remains to be determined what conformational 
changes are induced in the polypeptide in the presence of 
Ca 2 *, including potential reorientation of helical 

5 segments flanking the putative Ca 2 ' binding loop, that 

might contribute to the accelerated transbilayer movement 
of membrane phospholipids. 

EXAMPLE 2: Inactivation of Human PL Scramblase by 
Treatment With the Thiolester Cleaving Reagent, 

0 Hydroxylamine (Zhao, et al . , Biochemistry 37:6361-6366, 
1998) . 

A. Summary 

Incubation of human erythrocyte PL scramblase with 
hydroxylamine under conditions known to favor hydrolysis 
L5 of protein cysteinyl- fatty acyl bonds was found to cause 
near complete loss of PL scramblase's function in 
promoting movement of PL between membrane leaflets. 
These data suggest that for normal activity, the PL 
scramblase polypeptide requires post translational 
20 modification through addition of a thiolester-linked 

fatty acid. Furthermore, these data imply that methods 
that either prevent cellular acylation of the 
polypeptide, or that cleave cysteinyl thiolester 
linkages, will effectively inhibit endogenous PL 
25 scramblase activity. 
B . Methods 

Protein purification. PL scramblase was purified 
from human erythrocyte ghost membranes as previously 
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described (F. Basse, et al., supra, 1996; J.G. Stout, et 
al . , supra , 1997) . 

Trp.i-.msnt w it-* ByHrnwlamine. PL scramblase was 
incubated 1 hour at room temperature in 1 M 
5 hydroxylamine, 25 mM octylglucoside , 1 M Tris-HCl at pH 
7.4. Match control samples of the protein were 
identically incubated under these conditions, omitting 
hydroxylamine. After incubation, samples were dialyzed 
and reconstituted into PL proteoliposomes for assay of PL 
0 scramblase activity. 

MPmhrane r^mnstitut inn *nd assay. PL scramblase 
was reconstituted into proteliposomes and activity 
determined as previously described(F. Basse, et al . , 
supra , 1996; J.G. Stout, et al, supra , 1997). 
.5 C. Pesults and Dis cussion 

As shown in Fig. 11, incubation with hydroxylamine 
resulted in nearly complete inactivation of PL 
scramblase. Fig. 11 illustrates inactivation of PL 
scramblase function by treatment with hydroxylamine. The 
20 figure shows loss of functional activity of human 

erythrocyte PL scramblase due to treatment with the 
thioester cleaving reagent hydoxylamine . Identical 
aliquot s of human erythrocyte PL scramblase in 5 0 mM 
octylglucoside were incubated 1 hour room temperature in 
25 either 1 M hydroxylamine, pH 7 . 2 (solid bar) or 1 M Tris- 
HCl, pH 7.2 (open bar). After treatment, each sample was 
reconstituted into proteoliposomes and PL scramblase 
activity measured using NBD-phosphatidylcholine as probe 
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according to methods previousiy described (Basse, ^ . 
. MB£a , 1996 ; Stout, «t^.,«B.. Zh ° U ' 

gMBEa , 1997) . Error bars denote mean ± SD of seven 
independent experiments. Significance by paired 
, students- t-test, p<10-. <See Methods, Example 3.) 

Because the conditions of incubation (neutral pH) 
„ er e chosen to favor specific cleavage of cysteinyl 
thioester bonds without disulfide bond reduction, these 
results imply an essential thioester linxage within the 
0 protein. in a membrane-associated protein with 

cytoplasmic Cys residues, such as found in erythrocyte PL 
scramblase, this thiolester bond is normally provided by 
palmitic acid in ester linxage to one or more cysteinyl 
thiols . (H. Schroeder, ^,1.^^^ L34:6,7-660, 
15 199 6 ; M. Stauffenbiel, <U ^ 263:13635-13622, 

1988 . c.a. Wilcox, et al., UeehmiM^ 

1987 » Whereas the possibility of disulfide reduction by 
hydroxyzine cannot be excluded, it is important to note 
that m virtually all cysteine residues in PL scramblase 
20 are normally exposed to cytoplasmic reducing agents such 
as glutathione, and disulfide bond formation is therefore 
not anticipated and (2, The absence of any functionally- 
important disulfide bonds in PL scramblase can be assumed 
baS ed on the retention of normal PL scramblase activity 
25 when the protein was incubated in various reducing 
agents, including dithiothreitol (F. Basse, «t «!• • 

1996; CO. Stout, fitl.. MUX*. ThuS 
these data suggest that PL scramblase polypeptide 
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requires post-translational .edification through addition 
of a thiolester-linked fatty acid for its normal function 
in the plasma membrane. Furthermore, these data imply 
that reagents that either prevent cellular acylation of 
5 the polypeptide, or, reagents that cleave cysteinyl 

thiolester linkages, will effectively inhibit endogenous 
PL scramblase activity. 

The presence of covalently- linked palmitic acid in 
PL scramblase was directly confirmed by metabolic 
LO labeling of the protein with [>H] -palmitate . Human Raji 
cells, which we have shown to contain low amounts of 
endogenous PL scramblase, were transformed with plasmid 
encoding the human PL scramblase as a fusion protein with 
green fluorescent protein (GFP) , and metabolically 
15 labeled with PH] -palmitate . Immunoprecipi tat ion with 
antibody to GFP revealed the covalent incorporation of 
PH] in GFP-PL scramblase fusion protein, whereas no 
radioactivity was associated with GFP (Fig. 12) . 

Fig. 12 illustrates that metabolic labeling of PL 
20 scramblase with PH] -palmitate reveals covalent thioester- 
linked fatty acid. The presence of cysteinyl-linked 
palmitate in PL scramblase was confirmed by metabolic 
labeling of pEGFP-PL scramblase-transf ected Raji cells 
(GFP-PLS) or identically-treated vector-only controls 
25 (GFP) with exogenous PH] -palmitate . Cells were incubated 
(10* cell/ml, 1 hour, 37°C) with 200 M Ci/ml PH] -palmitate 
(Dupont NEN, spec. act. 60 Ci/mmol) in RPMI-1640 
containing 20% dialyzed fetal bovine serum and 5 mM 
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sodium pyruvate. Cells were then harvested, washed and 
membrane proteins (10- cells/ml) extracted into 1% triton 
X100, 5 mM EDTA, 20 mM leupeptin, 20 mM M-ethylmaleimide , 
10 mM benzamidine, 1 mM phenylmethylsul f onyl fluoride in 
5 tris-buffered saline, pH 7.4. Insoluble material was 

removed by centrif ugat ion and the supernatants precleared 
by incubation with 10 jig/ml normal rabbit IgG and 30 M l 
protein A sepharose (Pharmacia) . The GFP and GFP-PLS 
proteins were then immunoprecipitated overnight with 50 
10 affinity purified rabbit anti-GFP (Clontech) and 

staph A sepharose. The beads were exhaustively washed 
with 1% triton X100 and GFP vector control (Lanes 1 and 
2) and the GFP-PL scramblase fusion protein (Lanes 3 and 
4) each eluted from staph A sepharose into 5% SDS-PAGE 
15 sample buffer. Each sample was divided and incubated 1 
hour with either 1 M hydroxylamine , pH 7.2 (+) or 1 M 
Tris, pH 7.2 (-) and then subjected to polyacrylamide gel 
electrophoresis under non-reducing conditions (4-20% 
polyacrylamide; NOVEX) . UPPER PANEL: Western blotting 
20 was performed with murine monoclonal antibody against 

human PL scramblase (anti-PLS) . MIDDLE PANEL: Western 
blotting performed with murine monoclonal antibody 
against green fluorescent protein (anti-GFP; Clontech)). 
LOWER PANEL shows fluorogram of radioactivity from 3 H. 
25 Fluorography of the SDS-PAGE gel was performed after 

fixation in 50% ethanol , 5% acetic acid, and the washed 
gel soaked in Enlightning scintillant (Dupont-NEN) before 
drying and exposure to pref lashed Kodak X-AR5 film <- 
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80 °C, 4 days) - Note radioactivity in GFP-PL scramblase 
(see autoradiography of -65 kDa protein band, lane 4) 
that is released from GFP-PL scramblase by treatment with 
hydroxyzine (see radioactivity at dye front, lane 3). 
5 Data of single experiment, representative of two 
independent experiments. 

The identity of the covalently -bound [ 3 H] in PL 
scramblase as a thioester-linked TO -palmitate was 
confirmed by hydroxylamine cleavage and by thin layer 
L0 chromatography (TLC) of the liberated fatty acid (Fig. 
13) . 

Fig. 13 illustrates that TLC analysis of [ 3 H] -fatty 
acid in PL scramblase. The GFP-PLS protein band at -65 
kDa of the previous figure was sliced from the wet gel 
15 and the gel soaked in 30% methanol, 10% acetic acid, 
washed exhaustively with 50% methanol, and then 
lyophilized. To liberate covalently -bound fatty acids, 
the dried gel was incubated overnight in 1 . 5N NaOH. 
Following acidification with HCl (pH<2) , the released 
20 fatty acids (1 ml) were extracted by addition of 3.75 ml 
chloroform: methanol (1:2 v:v>. To separate the fatty 
acids into a chloroform phase, 1-25 ml chloroform and 
1.25 ml H 2 0 were then added, and the bottom layer 
recovered and dried under nitrogen. The dried pellet was 
25 taken up in chloroform : methanol (2:1, v:v) and spotted 
onto KC18 silica gel (Whatman 4801-425) . The 
chromatograph was developed in acetonitrile : acetic acid 
(9:1, v:v) and air dried. The dried plate was sprayed 
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with Enhance (Dupont-NEN) and radioactivity was detected 
by fluorography on preflashed Kodak XAR-5 film (-80°C, 4 
days) . Radioactivity liberated from GFP-PLS (lane 2) is 
compared to matched gel slice from GFP vector control 
5 (lane 3), using [>H] -palmitate as standard (standards 

applied in lanes 1 and 4) . All samples were spotted at 
position OR; SF indicates position of the solvent front. 
Data of single experiment. 

Thus, PL scramblase is palmitoylated at one or more 
10 cysteine residues. We also have evidence that such 
acylation is required for normal function of PL 
scramblase protein. As noted above, removal of palmitate 
through hydrolysis of thioester bonds with hydroxyzine 
was found to abolish PL scramblase' s phospholipid 
15 mobilizing function (Fig. H) . 

EXAMPLE 3: Plasma Membrane Expression of 
Phospholipid Scramblase Regulates Ca" Induced Movement of 
Phosphatidylserxne to the Cell Surface: Alteration of 
Phosphatidylserine Exposure In Human Lymphoblasts Through 
20 Stable Transfection with PL Scramblase cDNA . 
A. Summary 

in order to determine whether PL scramblase is 
responsible for the rapid movement of PS from inner-to- 
outer plasma membrane leaflets in other cells exposed to 
25 elevated cytosolic [Ca>-] e , we analyzed how induced 

m ovement of PS to the surface related to cellular content 
of PL scramblase. Exposure to Ca- ionophore A23187 
resulted in rapid PS exposure in those cells high in PL 
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scramblase (K-562, HEL , 293T, and EBV- transformed 
lymphocytes) , whereas this response was markedly 
attenuated in cells with low amounts of the protein 
(Raji, MOLT-4, HL-60). To confirm this apparent 
5 correlation between PL scramblase expression and PS 

egress at elevated [Ca-] e . Raji cells were transfected 
with PL scramblase cDNA in pEGFP-C2, and stable 
transformants expressing various amounts of rGFP-PL 
scramblase fusion protein obtained. Clones expressing 
10 rGFP-PL scramblase showed plasma membrane -localized 

fluorescence and elevated PL scramblase antigen whereas 
clones expressing rGFP alone (transfected with pEGFP-C2 
without insert) showed only cytoplasmic fluorescence and 
served as controls. In absence of ionophore, expression 
15 of rGFP-PL scramblase had no effect on cell viability or 
background PS exposure. In response to A23187, clones 
expressing GFP-PL scramblase exhibited markedly 
accelerated movement of PS to the cell surface when 
compared to A23187- treated clones expressing GFP with PS 
20 movement to the cell surface increasing with amount of 
rGFP-PL scramblase expressed. These data indicate that 
transfection with PL scramblase cDNA promotes [Ca 2 *] c - 
dependent movement of PS to the cell surface and suggest 
that this protein normally mediates redistribution of 
25 plasma membrane phospholipids in activated, injured, or 
apoptotic cells exposed to elevated [Ca 2+ ] c . 
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B . MPi-'hods 

j^^^i^. All restriction enzymes were from New 
England BioLabs. Inc. (Beverly, MA). Klentaq polymerase 
and pEGFP -c2 vector were from CLONTECH Laboratories (Palo 
S Alto, CA) . Bovine coagulation factor Va (FVa) , factor Xa 
(FXa), prothrombin and dansylarginine-N- (3-ethyl-l, 5- 
pentanediyl) amide were from Haematologic Technologies, 
inc. (Essex Junction, VT) . Chromogenic thrombin 
substrate S2238 was from DiaPharma Group, Inc. 
10 (Franklin, OH) . Human a-thrombin was a generous gift 
from Dr. John ». Fenton (Albany, NY) . OPTI-MEM and 
geneticin were from Life Technologies (Gaithersburg , HD) . 
Fetal bovine serum, RPMI 1G40, Cell Dissociation 
Solution, Hank^s Balanced Salt Solution (HBSS) , Protein A 
15 Sepharose-CL4B, leupeptin, and BSA were from Sigma 

Chemical Co. (St. Louis, MO). UltraLink lodoacetyl resin 
and SuperSignal ULTRA Chemiluminescence Kit were from 
Pierce Chemical Co. (Rockford, ID . All other chemicals 
were of reagent grade. 

nulture : Human cancer cell lines 
erythroleukemic HEL, promyelocyt ic leukemia HL-60, 
chronic myelogenous leukemia K562, lymphoblastic leukemia 
MOLT-4, acute T-cell leukemxa Jurkat , Burkitfs lymphoma 
Raji, and megakaryocyte DAMI were from American Type 
Culture Collection (Rockville, MD) and cultured in RPMI 
16 40 containing 10% fetal bovine serum. EBV- transformed 
cell line established from peripheral B-lymphocytes of 



20 
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a normal donor was maintained as previously described (H. 
Kojima, et al. , .1994) . 

anybodies: Anti-GFP: murine monoclonal antibody 
against green fluorescent protein (GFP) was from CLONTECH 
5 Laboratories. Anti-FVa: murine monoclonal antibody V2 3 7 
reactive against human or bovine factor Va light chain 
was the generous gift of Dr. Charles T. Esmon (Oklahoma 
Medical Research Fndn, Oklahoma City, OK). Anti-PL 
Scramblase-E306-mi8: Rabbit antibody raised against the 
LO carboxyl terminal peptide sequence E306-W318 of human PL 
scramblase has previously been described (Q. Zhou, et 
al., supra , 1997) . The IgG fraction was isolated on 
protein A-Sepharose-CL4B and the peptide -reactive 
antibody purified by affinity chromatography on peptide 
15 [Cys] -ESTGSQEQKSGW (SEQ ID NO:5) coupled to UltraLink 
Iodoacetyl resin. 

P i^ m ^ r^crrnotion: Human PL scramblase cDNA 
insert was released from plasmid pMAL-C2-PL scramblase 
(Q. Zhou, et al., supra, 1997) by double cutting with 
20 EcoRI and Sail, respectively, and then ligated into 

pEGFP-C2 vector using the same restriction site. The 
pEGFP-C2 -PL scramblase plasmid was amplified from single 
clones in E. coli strain Top 10, and the orientation and 
reading frame of the insert confirmed by sequencing on an 
25 ABI DNA Sequencer Model 373 Stretch (Perkin Elmer-Applied 
Biosystems, Foster City, CA) using PRISM Ready Reaction 
DyeDeoxy Terminator Cycle Sequencing Kit. 
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Traasfecti on of Ra j i -C^OlS-*^^ 
1.6 x 10 7 Raji cells were electroporated with 160 M9 
plasmid DNA (pEGFP-C2-PL scramblase or pEGFP-C2) in a 
total volume of 0.8 ml OPTI-MEM, using Gene Pulse 
5 Electroporator (Bio-Rad Laboratories, Hercules, CA) set 
at 450 V, 500°F. After 48 hours in culture, 1.5 mg/ml 
geneticin was added to the medium and continuously 
m aintained for 4 weeks. Stable transf ormants exhibiting 
GFP fluorescence were sorted by flow cytometry (FACStar, 
10 Becton-Dickinson Immunocy tome try Systems, San Jose, CA) 
using an FL1 sorting gate. The FLl-positive cells were 
dilutionally cloned in 96 well culture plates. pEGFP-PL 
scramblase transf ormants expressing the 62 kDa GFP-PL 
scramblase fusion protein were identified by Western 
15 blotting with anti-GFP and with anti-PL-306-W318 

antibodies. Western blotting of pEGFP-C2 transf ormants 
(without insert) confirmed presence of 27 kDa GFP. 
Clones expressing various amounts of GFP-PL scramblase 
were each expanded for functional assay, along with 
20 comparable GFP -expressing clones serving as controls. 

g 7„nr.arpn ffe Min-macopv . Cell clones transfected 
with pEGPF-C2-PL scramblase or P EGFP-C2 were deposited on 
glass microscopy slides using a Cytospin 3 (Shandon, 
inc., Pittsburgh, PA). Phase contrast and fluorescence 
25 microscopy was performed with a ZEISS AXIOSKOP microscope 
(Carl Zeiss, Inc., Thornwood, NY) equipped for 
epifluorescence, and images were recorded with a MC100 
camera system. The exposure times for photography of 
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fluorescence was 80-200 seconds under automatic control 
using Kodak Ektachrome 16 00 film. 
. ^ Mrn Rlnt ^ai^. Western blotting of GFP and 
PL scramblase antigens was performed using 1.5 x 10* cells 
5 per lane. After washing in HBSS, supernatants were 

removed, and the cell pellets extracted with 2% (v/v) NP- 
40 in 5 mM EDTA, 50 mM benzamidine, 50 mM N-ethyl 
maleimide, 1 mM phenylmethylsulf onyl fluoride, 1 mM 
leupeptin in HBSS. After removal of insoluble material 
10 (250,000 x g, 30 minutes, 4°C) , the samples were 
denatured at 100°C in 10% (w/v) SDS sample buffer 
containing 2% 3-mercaptoethanol . Following SDS-PAGE and 
transfer to nitrocellulose, the blocked membrane was 
incubated with either 10 M g/ml of rabbit anti-PL 
15 scramblase-E306-W318, or 1/10,000 dilution of mouse anti- 
GFP. The blots were developed with the horseradish 
peroxidase conjugate of either goat anti-rabbit IgG or 
goat anti-mouse IgG, respectively, using SuperSignal 
ULTRA chemiluminescence. 
20 — nf r.ll surf ace PS. Calcium ionophore- 

induced exposure of PS on the surface of all cell lines 
analyzed was detected by the specific binding of 
coagulation factor Va (light chain) as previously 

. -I t R-iol Chem. 263:18205- 
described (P.J. Sims, etal., J, Biol . tnem,, 

25 18212, 1988; H. Koj ima , etal., J, Clin^ Invest . 94:2237- 

2243, 1994) . Briefly, cells were washed twice to remove 

serum proteins and suspended (2x10* cells/ml) at 37°C in 

RPMI 1640 supplemented with 0.1% BSA, 20 mM HEPES , and 
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adjusted to 1.2 mM free [«-) . « time.O. A23187 ,0 or 2 
M M final concentration) was added from 1 mM stock 
solution in DMSO, and at times indicated in figure 
legends, the reaction was stopped by addition of 6 mM 
5 EGTA . PS exposed on the cell surface at each ti* point 
was detected by incubating (10 minutes, room temperature, 
50 ,1 of the cell suspension with 10 ra /ml FVa, followed 
by 10 M /ml anti-FVa, to detect the cell -bound FVa light 
ch ain. After staining with 10 Tri -Color conjugated 

10 goat antx-mouse IgG ( CALTAG Laboratories, Burlingame, 
CA) , single-cell fluorescence was quantitated by flow 
cytometry (FL3 channel, FACScan, Becton Dickinson 
immunocytometry Systems) . Use of Tri-Color conjugate to 
detect cell -bound FVa enabled simultaneous measurement of 
15 cell-associated GFP fluorescence in cell lines 

transformed with the pEGFP-C2 expression plasmid 
(fluorescence of GFP detected in FL1 channel) . In 
experiments in which cell lysis was monitored by uptake 
of propidium iodide, cells were stained for bound FVa 
20 with FITC-conjugate of goat anti-mouse IgG (FL1 channel) 
substituting for Tri-Color conjugate, and propidium 
iodide was detected in FL3 channel. Propidium iodide 
(0.5 M/ml) was added immediately before dilution for 
flow cytometry. 

25 ^>^hin» B Assay . Prothrombinase activity of 

Raji cells was determined by modification of methods 
previously described for platelets, using the chromogenic 
thrombin substrate S2238 (P.J. Sims, fit aX- ■ SMEEa, 
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1988) . Briefly, 1 x 10' Raji cells (transfected with 
either pEGFP-C2 or pEGFP-C2-PL scramblase) were suspended 
in 200 „1 HBSS containing 1% BSA in the presence of 2 nM 
FVa, 1.4 M M prothrombin 2.5 mM CaCl,, and 4 MM 
5 dansylarginine-N-(3-ethyl-1.5-pentanediyl)amide (to 

inhibit feed-back activation by thrown) . and incubated 
at 37-C. ca'-ionophore A23187 (2 M M> , or DMSO (as 
solvent control) was added, and prothrombin conversion 
was initiated by addition of 2 nM Fxa. Thrombin 
10 generation was stopped after 2 minutes by dilution into 

10 n* EGTA and samples were stored on ice. Aliquots were 
transferred to a 96—11 pl«". and thrombin generated 
was assayed in TBS containing 1% BSA in presence of 150 
MM S2238 by monitoring time-dependent changes in 
15 absorbance at 405 nm using a Thermo,™ plate reader 

(Molecular Devices, Sunnyvale, CA) . Thrombin activity 
was calculated using purified thrombin as standard. 

C . Results 

^ ^•e n f PT, r rr^mhla sP in nrion^ human cell 
20 liMfl. Proteoliposomes reconstituted with erythrocyte PL 
scramblase exhibit accelerated transbilayer movement of 
fluorescent phospholipids in response to added Ca»- , 
similar to the observed effect of calcium on the 
endofacial surface of the red cell membrane (Q. Zhou, et 
25 al.. supra, 1997; J.G. Stout, et al . , ^ Clin^ Inve^ 
99:2232-2238, 1997; Basse, et al . , ^ BioJ_ Chetru 
271:17205-17210, 1996) . In order to determine whether 
this same protein is responsible for mediating the 
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accelerated egress of plasma membrane PS that is observed 
under conditions of elevated cytosolic [Ca a *] e , we 
undertook to determine whether the level of expression of 
PL scramblase in various human cell lines correlated to 
5 the induced movement of PS to the surface of these cells. 
When challenged with a calcium ionophore, human cell 
lines exhibit considerable differences in the extent to 
which PS is mobilized to the cell surface. Among the 
cells tested, Raj i , HL60, and Dami were notably 
10 unresponsive to A23187, whereas HEL, W9 (an EBV- 

transformed normal B - lymphocyte ) , and Jurkat showed 
notably robust responses. This apparent cell type- 
specific variability in response to induced elevation of 
[Ca'-] e was consistently maintained through many months of 
15 passage in culture, suggesting it reflected an inherent 
property of each cell line. As shown in Fig. 8, we also 
observed considerable differences in the content of PL 
scramblase protein among these various cell lines, and 
the sensitivity of these various cell lines to induced 
20 exposure of plasma membrane PS (lo^er panel) generally 
correlated with the amount of cellular PL scramblase 
protein detected by Western blotting (upper panel) : 
Those cell lines that were most responsive to induced 
elevation of [Ca»-] c (HEL, W9, Jurkat) also expressed 
25 greatest amounts of PL scramblase antigen, whereas cell 
lines with attenuated response to [Ca 2 *] c (Raji, HL60, 
Dami) contained relatively little of this protein. Cell 
lines Molt-4 and K562 showed intermediate responses to 
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elevated [C.-U and expressed intermediate levels of PL 
scramblase antigen. 

Fig. 8 depicts western blot analysis o£ PL 
scramblase in various human cell lines. Constitutive 
5 expression of PL scramblase was analyzed in the human 

cell lines indicated. Upper Panel: Results obtained by 
western blotting with antibody specific for PL scramblase 
carboxyl terminal residues E306-W318 (see Materials , 
Methods, . Each lane contains the total protein extract 
10 of 1.5 x 10- cells. Lower Panel, Cumulative results of 
three separate experiments performed as follows: The 
cells indicated were washed and suspended at 37°C in the 
pr esence of 1.2 mM free C- . and 2 »K A23187 was added. 
At times shown (abscissa) , EGTA was added and cells 
X5 analyzed for surface exposed PS as detected by cell-bound 
FVa light chain (see Materials and Methods) . Data 
plotted represent the mean increase < ± 8D) in number of 
cells that starned positive for surface PS after S 
minutes incubation with ionophore, after correction for 
20 initial background of PS-positive cells before addition 
of ionophore (time=0) . Background number of cells that 
exposed PS in absence of ionophore was always <15* except 
in case of HEL, where this background ranged between 15- 
30%. 

25 These relatively large differences in cell line- 

specific expression of this protein was also consistently 
observed despite repeated passage in culture, and was 
found to correspond to marked differences in level of 
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specific mRNA as detected by Northern blotting with PL 
scramblase cDNA (Q. Zhou, St al . , 1»™ ■ and data 

no t shown, . We also noted that those cell lines with the 
highest content of PL scramblase generally exhibited a 
s higher background of PS exposed on the surface in absence 
of added ionophore. This was most notable for HEL for 
which approximately 15-30% of the cells were consistently 
found to expose PS prior to addition of A23187 (see 
Discussion) . 

L0 Me ntor dMMM underlying inpnnhore res ponse . In 

order to determ ine whether the increase in PS exposure in 
ionophore-treated cells reflected facilitated movement of 
PS from inner to outer leaflets of the plasma membrane, 
or, greater sensitivity of the plasma membrane to lytic 

j , . ho surface was monitored 

15 disruption, FVa binding to the cell suria 

simultaneously with uptake of propidium iodide, as a 

assure of cell lysis. As illustrated for the human B- 

lymphocyte lines W9 (high content of PL scramblase) and 

Raj i (low content of PL scramblase), the induced movement 

20 of PS to the cell surface was found to precede uptake of 

propidium iodide, suggesting that the elevation of [C-] „ 

induces a collapse of transmembrane PL asymmetry before 

onset of lysis. In the case of Raji cells which are 

virtually devoid of PL scramblase (see Fig. 8). a general 

2 5 insensitivity of the plasma membrane to either ionophore- 

induced PS exposure or to lysis was also apparent. 

at tte Esii ^ u ** m p eg ^ ^ 

SSCM ^. m order to confirm that the extent to which 
-53- 
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PS moves to the cell surface with elevation of [Ca"1 c 
actually depends upon the plasma membrane content of PL 
scramblase, we stably transformed Raj i , a cell line 
exhibiting low endogenous PL scramblase expression by 
S transfection with plasmid pEGFP-C2-PL scramblase. This 
plasmid expresses PL scramblase as a fusion protein with 
green fluorescent protein (GFP) , facilitating flow 
cytometric sorting of transf ormants for subsequent 
cloning and detection of the expressed recombinant 
10 protein in selected clones. The decision to attach GFP 

to the amino terminus of PL scramblase was based on prior 
evidence that the carboxyl terminus of the protein is 
membrane inserted and essential for function, and the 
observation that other amine terminal fusion constructs 
15 of PL scramblase expressed in E. coli retained the same 

activity of the unmodified PL scramblase polypeptide when 
reconstituted in proteoliposomes «J . Zhou, at 1- ■ «i, 
1997) , and unpublished data) . The expression of the 
full-length GFP-PL scramblase fusion protein xn selected 
20 transformed clones was confirmed by Western blotting with 
antibody specific for GFP, and with antibody raised 
against peptide sequence of the carboxyl terminus of 
human PL scramblase. As illustrated by fluorescence 
micrographs shown in Fig. 9, clones that expressed the 
25 GFP-PL scramblase fusion protein showed a distinct rim 
appearing pattern of fluorescence, consistent with 
trafficking of GFP-PL scramblase to the plasma membrane. 
Fig. 9 illustrates fluorescence micrographs of GFP-PL 
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scramblase transformed Ra j i cells. Fluorescence 
photomicrography of GFP fluorescence expressed in the 
transformed Ra j i clones was performed as described in 
Materials and Methods. Fig 9A shows fluorescence of 
5 cells expressing GFP; Fig. 9B shows cells transfected 

with pEGFP-C2-PL scramblase plasmid and expressing GFP-PL 
scramblase fusion protein. Data of single experiment, 
representative of results obtained for all clones 
transfected with either P EGFP-C2 or pEGFP-C2-PL 
.0 scramblase. By contrast, clones that expressed GFP alone 
exhibited diffuse fluorescence throughout the cytoplasm, 
with no obvious staining of the plasma membrane. These 
data provide the first direct evidence that PL scramblase 
cDNA encodes a protein that predominantly trafficks to 
15 the plasma membrane under normal conditions of cell 
growth . 

Analysis of PA mobi lizing f unction in GFP-PL 
crr a mh? aBe t nnafnrmants. After geneticin selection, 
clonal populations of transformed Raji cells expressing 
20 comparable levels of either GFP-PL scramblase or GFP 

(transformed with P EGFP-C2 lacking insert) were analyzed 
for their capacity to mobilize PS to the cell surface. 
In response to an A2 3 187 -induced elevation of [Ca 2 *] c , 
transformants expressing the GFP-PL scramblase fusion 
2 5 construct showed a marked increase in both the rate and 
extent that PS became exposed on the cell surface, when 
compared to either the identically-treated parental Raji 
cell line or to GFP -expressing clones transformed with 
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pEGFP-C2 vector alone. As was also evident from these 
data, in the absence of ionophore, we consistently noted 
a small but reproducible increase in the background level 
of PS exposure in transf ormants expressing GFP-PL 
5 scramblase protein, when compared to either the parental 
Raji cell lines or to GFP- expressing clones transformed 
with vector alone. 

TnrfnrM'nn nf ^Hr,n P nr o^narrul ant fvnrtinn through 
flT rp SB ,-nn of pr. xnramhlase. In order to confirm that 
LO the increased expression of FVa binding sites detected 
upon activation of GFP-PL scramblase transformed clones 
reflected an increase in the procoagulant (clot- 
promoting) properties of the plasma membrane of these 
cells, the capacity of GFP-PL scramblase transformed 
15 cells to provide catalytic membrane surface for the 

prothrombinase (FVaXa) enzyme complex was compared to 
clones expressing GFP alone. These data confirmed that 
expression of recombinant PL scramblase in the Raji cell 
line was also accompanied by an increase in cell capacity 
20 to catalyze the prothrombinase reaction upon entry of 
calcium into the cytosol . 

of avprp^ion o f pt. flrrarnhMflP regelates 
n par-irv nf r ~ moM7i» fi P<? tn thr pp7 7 surface. In order 
to confirm the apparent correlation between endogenous 
2 5 cell content of PL scramblase and plasma membrane 

sensitivity to elevated [Ca 2 *] e that is evident when 
different human cell lines are compared (see Fig. 8), we 
analyzed multiple Raji clones that were stably 

-56- 



W0 99/36S36 • • PCT/US99/01087 

transfected with either GFP-PL scramblase or with GFP 

, c . n in x Fio 10 illustrates that the 
vector alone (Fig. 10). rig. 

level of expression of PL scramblase determines plasma 
membrane sensitivity to intracellular Ca" . The 
5 relationship between level of recombinant protein 

expressed (GFP fluorescence detected in FL1 channel; 
abscissa) and numbers of cells that expose PS after 2 
minutes incubation with A23187 (ordinate) is plotted for 
multiple transformed Raji clones. Analysis was gated to 
10 include only those cells distinctly positive for GFP 
fluorescence (FL1 channel) , and cell-bound FVa was 
stained with Tri- color conjugate and detected in FL3 
channel (see Materials and Methods) . Analysis was 
performed on all cells positive for GFP fluorescence. 
15 Open symbols indicate individual clones stably 

transformed by transfection with pEGFP-C2; closed symbols 
indicate individual clones stably transformed with pEGFP- 
PL scramblase. Data of single experiment, representative 
of three so performed. These experiments confirm that 
20 the capacity of GFP-PL scramblase transf ormants to 

mobilize PS to the cell surface generally correlates with 
the amount of the expressed GFP-PL scramblase fusion 
protein, whereas this cell response to increased [Ca»-] c 
is unaffected by cell content of GFP. In addition to 
25 confirming the role of PL scramblase in the plasma 

membrane response to [Ca»-] e . these data suggest that the 
capacity to mobilize PS to the cell surface and thereby 
support plasma clotting in activated, injured or 
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apoptotic cells exposed to elevated [Ca-] e can be altered 
by changing the level of expression of PL scramblase 
expressed in the plasma membrane. 
r>i amission 

5 These results provide the first evidence that the PL 

scramblase protein identified in the erythrocyte membrane 
and implicated in [Ca-] .-induced remodeling of membrane 
phospholipids actually functions to induce accelerated 
transbilayer movement of plasma membrane phospholipid in 
10 human cells that express this protein. Our results also 
confirm that the level of expression of plasma membrane 
PL scramblase can determine the extent to which PS is 
mobilized to the cell surface upon elevation of [Ca a *] c . 
and suggest that this protein normally functions to 
15 mediate the redistribution of plasma membrane 

phospholipids in response to the entry of calcium into 
the cytosol. Furthermore, these data provide the first 
indication that the movement of PS and other procoagulant 
aminophospolipids from plasma membrane inner leaflet to 
20 the cell surface can be manipulated by selectively 

altering the level of expression of a particular cellular 
protein, either through direct transfection with the PL 
scramblase cDNA, or potentially, by another intervention 
affecting cellular expression of functional PL scramblase 

25 protein. 

Whereas these experiments suggest that direct 
activation of plasma membrane PL scramblase is 
responsible for the increased cell surface exposure of PS 
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that is observed in various activated, injured or 
apoptotic cells exposed to elevated [Ca'*] c , we cannot 
exclude the possibility that there are other cellular 
components that contribute to the accelerated movement of 
5 ps from inner to outer plasma membrane leaflet under 

these conditions. In particular, whereas PL scramblase 
has been shown to mediate the bidirectional movement of 
PS and other phospholipids between membrane leaflets, it 
has been suggested that there is also a PS-selective 
.0 pathway in the platelet plasma membrane, designated «PS 
f loppase" , which mediates vectorial movement of PS from 
inner to outer plasma membrane leaflet (P. Gaffet, et 
al., ^ chemistry 34:6762-6769, 1995). Experimental 
evidence for the existence of this vectorial and 
15 headgroup- selective PS floppase pathway in platelet or 

other cell membranes remains controversial (R.F.A. Zwaal , 
et al., supra . 1997; P. Williamson, et al., Ri o chemistry 
31:6355-6360, 1995; C.-P. Chang, et al., Biol^. Chenu 

268:7171-7178, 1993), and awaits identity of a [Ca 2 *] c - 
20 activated and PS-selective transporter that is distinct 

from the plasma membrane PL scramblase found in platelets 
and erythrocytes, a protein that does not exhibit 
apparent selectivity for the PS headgroup (J.G. Stout, et 
al., supra . 1997; P. Comfurius, et al . , Ri ochemistry 
25 35,7631-7634, 1996; F. Basse, et al . , supra, 1996). 

In addition to conferring increased sensitivity of 
the plasma membrane to ionophore- induced elevation of 
[Ca 2 *] c , we generally observed a higher background of PS 
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exposure (in absence of ionophore) in those transfected 
cell clones expressing large amounts of the GFP-PL 
scramblase fusion protein. This elevated background PS 
exposure was also observed in the case of untreated HEL, 
5 the cell line containing the highest endogenous content 
of PL scramblase. Although we suspect that this 
increased background reflects the enhanced sensitivity of 
the plasma membrane of these cells to any adventitial 
elevation of [Ca-] e during cell processing for assay, we 
10 cannot exclude the possibility that these cells are also 
inherently more fragile due to the large amounts of PL 
scramblase that is inserted into the plasma membrane. 

While the movement of plasma membrane PS to the cell 
surface at elevated [Ca*-] c can be demonstrated in a 
15 variety of cells and tissues (R.F.A. Zwaal , et al., 

supra, !997; P. Devaux, su^ra, 1991), we detect marked 
differences in the levels of PL scramblase mRNA and 
protein among different human cell types, which is 
generally reflected by corresponding differences in 
20 sensitivity to this [Ca-] .-induced collapse of plasma 
membrane PL asymmetry (see Fig. 8, and Q. Zhou, et al . , 
supra, 1997) . Although the transcriptional regulation of 
the PL scramblase gene remains to be determined, it is of 
interest to note that such cell or tissue-specific 
25 differences in PL scramblase expression has the potential 
to significantly affect the biological properties of the 
cell. in particular, we note that the content of PL 
scramblase in human platelet is approximately 10-fold 
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greater than that of the erythrocyte, which is consistent 
with the respective PS-mobilizing potential and different 
roles of these two cells in contributing procoagulant 
membrane surface for thrombin generation during blood 
5 clotting (Q. Zhou, £i *1- . "97) . In addition to 

the relatively high levels of PL scramblase identified in 
circulating human platelets, this protein was also most 
abundant in the cell line HEL, whereas only small amounts 
of this protein (and low PL scramblase activity) was 
10 detected for Dami (Fig. 8), two human cancer cell lines 

exhibiting partial megakaryocyte -like properties. It is 
also noteworthy that several of the lymphoma-derived cell 
lines (e.g., Raji, MOLT-4) express considerably reduced 
levels of PL scramblase, and also show distinctly 
15 attenuated PS exposure in response to elevated [Ca"U, 

when compared to either peripheral blood leukocytes or to 
EBV-transforms of normal lymphocytes (Fig. 8). The 
collapse of plasma membrane phospholipid asymmetry is a 
relatively early event in apoptosis of lymphocytes and 
20 other cells, and the consequent exposure of PS on the 
cell surface is thought to contribute to phagocytic 
removal of such cells by scavenger macrophages (V.A. 
Fadok, Si IMBIBOU 148:2207-2216, 1992; E. 

Verhoven, et. «1. , H«U 182:1597-1601, 1995) . It 

25 is therefore of interest to consider whether the apparent 
resistance of certain lymphoma-derived cell lines to such 
[Ca"] c - induced remodeling of plasma membrane 
phospholipids might contribute to the proliferative 
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potential and in vivo survival of these or other 
transformed cells. 

EXAMPLE 4: Induction of Prgr^jedCell Death is Related 
to the Cellular Content of PL Scramblase 

5 A. Summary 

Human cell lines expressing various levels of PL 
scramblase protein were exposed to agents or conditions 
of cell culture known to promote apoptosis (programmed 
cell death) . Analysis of these cell lines revealed that 
10 the number of cells induced to undergo apoptosis 

generally correlated with the level of expression of PL 
scramblase protein, with those cell lines expressing high 
levels of PL scramblase being most sensitive to induction 
of apoptosis while cell lines expressing low levels of PL 
15 scramblase being most resistant to induction of 

apoptosis. The human Burkitts B-lym P homa cell line Ra j i 
was found to express low levels of PL scramblase and to 
be markedly resistant to induction of apoptosis. 
Transfection of Ra j i cells with plasmid contaxning cDNA 
20 for PL scramblase resulted in increased sensitivity of 
this cell to the induction of apoptosis, demonstrating 
that expression of PL scramblase in a normally apoptosis- 
resistant cancer cell line promotes programmed death of 
the cancer cell . 
2 5 B. Mat-prial fi and Methods 

Materials. All restriction enzymes were from New 
England BioLabs, Inc. (Beverly, MA). Klentaq polymerase 
and pEGFP-C2 vector were from CLONTECH Laboratories (Palo 
Alto, CA) . Bovine coagulation factor Va (Fva) . OPTI-MEM 
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and genetican were fro. Life Technoiogies (Gaithersburg. 
m) . Petal bovine serum, RPMI 1640, Cell Dissociation 
solution, Hank's Balanced Salt Solution (HBSS, , Protein A 
S epharose-CL4B, leupept.n. and BSA were from Sigma 
5 Chemical Co. (St. Louis, MO, . UltraLink lodoacetyl resrn 
and SuperSignal ULTRA Chemiiuminescence Kit were from 
Pierce Chemical Co. (Rockford, ID. All other chemicals 
were of reagent grade . 

to£ifi2di e S: Anti-GFP: murine monoclonal antibody 
against green fluorescent protein (GPP) was from CLONTECH 
Laboratories. Anti-FVa: murine monoclonal antibody V237 
reactive against human or bovine factor Va light chain 
was the generous gift of Dr. Charles T. Esmon (Oklahoma 
Medical Research Fndn, Oklahoma City, OK). Anti-PL 
15 S cr^las e -E306-»31S: Rabbit antibody raised against the 
carboxyl terminal peptide sequence E306-W31B of human PL 
scramblase has previously been described (Q- Zhou, «t 
al., Sijora, 19")- The IgG fraction was isolated on 
protein A-Sepharose-CL4B and the peptide-reactive 
20 antibody purified by affinity chromatography on peptide 
[Cysl-ESTGSQEQKSGVW (SEQ ID NO: 5) coupled to UltraLink 
lodoacetyl resin. The IgG fraction of anti-human FAS 
ligand was from Clontech (Sunnyvale, CA) . 

mltnre : Human cancer cell lines 
25 erythroleukemic HEL, promyelocytic leukemia HL-60, 

chronic myelogenous leukemia K562, lymphoblastic leukemia 
M0LT _4, acute T-cell leukemia Jurkat , Burkitt's lymphoma 
Raj i, and megakaryocyte DAMI were from American Type 
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Culture collection' (Rockvrlle, HD) and cultured in RPMI 
16 40 containing 10% fetal bovine serum. 

cell line W9 established from peripheral B-lymphocytes of 
a normal donor was maintained as previously described (H. 

5 Kojima, fit ai- . 1994) ■ 

mn.tructlfln: Human PL scramblase cDNA 
insert was released from plasmid pMAL-C2-PL scramblase 
(Q. Zhou, fit ai., MSBS*. "97) by double cutting with 
ECORI and Sail, respectively, and then ligated into 
PEGFP-C2 vector using the same restriction site. The 
PEGFP-C2-PL scramblase plasmid was amplified from single 
clones in E. coll strain Top 10, and the orientation and 
reading frame of the insert confirmed by sequencing on 
an ABI DNA Sequencer Model 373 Stretch (Perkin Elmer- 
Applied Biosystems, Foster City, CA, using PRISM Ready 
Reaction DyeDeoxy Terminator Cycle Sequencing Kit. 

r - r >vrrr-n ^mblase - 

1.6 x 10' Raji cells were electroporated with 160 M 9 
plasmid DNA (P EGFP-C2-PL scramblase or pEGFP-C2, in a 
20 total volume of 0.8 ml OPTI-MEM, using Gene Pulse 

Electroporator (Bio-Rad Laboratories, Hercules, CA) set 
at 450 V. S00°F. After 48 hours in culture, 1.5 mg/ml 
geneticrn was added to the medium and continuously 
maintained for 4 weeks. Stable transf ormants exhibiting 
25 GFP fluorescence were sorted by flow cytometry (FACStar, 
Becton-Dickinson Immunocytometry Systems, San Jose, CA) 
using an FL1 sorting gate. The FLX-positive cells were 
dilutionally cloned in 96 well culture plates. pEGFP-PL 
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scramblase transf o»nts expressing the 62 KDa GFP-PL 
scramblase fusion protein were identified by western 
blotting with anti-GFP and with anti-PL-306-W318 
antibodies. Western blotting of P EGFP-C2 transforms 
5 (without insert) confirmed presence of 27 kDa GFP. 

Clones expressing various amounts of GFP-PL. scramblase 
were each expanded for functional assay, along with 
comparable GFP-expressing clones serving as controls. 

-7-— cel1 clones " ansfected 

10 with PEGPF-C2-PL scramblase or pEGFP-C2 were deposited on 
glass microscopy slides using a Cytospin 3 (Shandon, 
inc., Pittsburgh, PA). Phase contrast and fluorescence 
microscopy was performed with a ZEISS AXIOSKOP microscope 
(Carl Zeiss, Inc., Thornwood, NY) equipped for 
1S epifluorescence, and images were recorded with a MC100 
camera system. The exposure times for photography of 
fluorescence was 80-200 seconds under automatic control 
using Kodak Ektachrome 1600 film. 

r . „„, ,n,1 m is. Western blotting of GFP and 

20 PL scramblase antigens was performed using 1.5 x 10« cells 
per lane. After washing in HBSS, supernatants were 
removed, and the cell pellets extracted with 2% (v/v) NP- 
40 in 5 mM EDTA, 50 mM benzamidine, 50 mM N-ethyl 
malermide, 1 mM phenylmethylsulf onyl fluoride, 1 mM 
25 leupeptin in HBSS . After removal of insoluble material 
(250,000 x g, 30 minutes, 4°C> , the samples were 
denatured at 100°C in 10% (w/v) SDS sample buffer 
containing 2% B -mercaptoethanol . Following SDS-PAGE and 
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transfer to nitrocellulose, the blocked membrane was 
incubated with either 10 M g/ml of rabbit anti-PL 
scramblase-E306-W318, or 1/10,000 dilution of mouse anti- 
GFP. The blots were developed with the horseradish 
5 peroxidase conjugate of either goat anti-rabbit IgG or 
goat anti-mouse IgG, respectively, using SuperSignal 
ULTRA chemi luminescence . 

r^M-nn of xpn^OSis: ApoptOSis was induced 

either by (1) addition of 60 pM etoposide to the cell 
.0 culture (2) by removal of fetal bovine serum from the 

culture medium (serum starvation) . Cells were maintained 
in sterile culture flasks in 37°C incubator under each of 
these conditions for 72 hours, during which cell aliquots 
were obtained for assay (times indicated in figure 

15 legends) . 

»— v . ^ Annntosis : The induction of apoptosis 
was detected by (1) egress of PS to the cell surface (2) 
activation of cellular caspase enzymes (3) cleavage of 
nuclear DNA . Egress of PS to the cell surface was 
20 measured by the binding of Factor Va (light chain) or by 
the binding of FITC-annexin V, detected by flow 
• cytometry. Cleavage of nuclear DNA was measured either 
by a decrease in propidium iodide staining of the 
nucleus, according to published methods (ref ) , or by the 
25 measured incorporation of FITC-dUTP into 5 • -ends of 
chromosomal DNA, catalyzed by the enzyme terminal 
deoxyribose transferase (TUNEL Assay Kit, Clontech) 
according to the manufacturer's protocol. In each assay, 
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£1 uorescence was detected by flow cytometry (FACScan. 
Becton DicKinson), using the FL1 channel to detect PITC 
or tha FL3 channel to detect propidium iodide staining of 
th e nucleus. Forward and side scattei gates were set to 

5 exclude cell debris. 

tm ^ urmss ^ i _ £sl ^i^ 2 - Exposure of PS on 
th e surface of all cell lines analyzed was detected hy 
the specific binding of coagulation factor Va (light 
chain, as previously described (P.J. Si™. «t «!• ■ ^ 
10 BiflU fl». 2,3,18205-18212, IS**: H. Kojrma, £t ^ 
C!^!^ 94 =2237-2243, 1994). Briefly, cells were 
uas hed twice to remove serum proteins and suspended (2*!0« 
cells/ml, at 3,°C in RPMI 1640 supplemented with 0.1% 
BSA 2 o mM HEPES , and adjusted to 1.2 mM free IC-! . At 
15 time-0, A231S7 ,0 or 2 ,M final concentration, was added 
fro m 1 m« stocK solution in DMSO, and at times indicated 
in figure legends, the reaction was stopped by addition 
of « mM EGTA. PS exposed on the cell surface at each 
ti me point was detected by incubating (10 minutes, room 
20 temperature, so ,1 of the cell suspension with 10 „g/ml 
PVa, followed by 10 „g/ml anti-FVa, to detect the cell- 
b cund'FVa light chain. After staining with 10 ,g/ml Trr- 
Color conjugated goat anti-mouse IgG ( CALTAG 
laboratories, Burlmgame, CA, , single-cell fluorescence 
25 wa s guantitated by flow cytometry <Fu3 channel, FACScan, 
Becton Dickinson Immunocytometry Systems) . Use of Tri- 
color conjugate to detect cell-bound FVa enabled 
simultaneous measurement of cell-associated GFP 
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fluorescence in cell lines transformed with the pEGFP-C2 
expression plasmid (fluorescence of GFP detected in FLl 
channel) . In experiments in which cell lysis was 
monitored by uptake of propidium iodide, cells were 
5 stained for bound FVa with FITC- conjugate of goat anti- 
mouse IgG (FLl channel) substituting for Tri-Color 
conjugate, and propidium iodide was detected in FL3 
channel. Propidium iodide (0.5 /xg/ml) was added 
immediately before dilution for flow cytometry. 
10 C . Results 

,?n1 P af pt. anramb J **** in PS mohilizat i on under 
^■finn B ^„™* ^nntosis. As it appeared that the 
cellular content of PL scramblase determines the 
sensitivity of the plasma membrane to accelerated 
15 transbilayer migration of PS induced through elevation in 
cytoplasmic Ca 2+ (see Example 3, sujsra) . we considered 
whether the expression of this protein might also 
determine the extent to which PS is mobilized to cell 
surfaces under conditions of programmed cell death. As 
20 previously reported, the extent to which PS is exposed at 
cell surfaces when cells are subjected to conditions that 
ultimately result in their apoptotic death, vary widely 
between different cell lines, suggesting that the 
reorganization of plasma membrane phospholipids during 
25 programmed cell death is a regulated response inherent to 
particular cell lines (T. Frey, etal., J, C ytometry 
28:253-263, 1997). In particular, both Raj i and HL60 
have recently been noted to be relatively resistant to 
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apoptotic induction of cell surface PS (D.L. Bratton, £t 
al., supxa, T. Frey, Siffia, 1997), consistent with 

the resistance we observe in the response of these cell 
iines to a direct elevation of tCa"U (See Example 3, 
above) . We therefore compared PS exposure in the B- 
lymphoblast cell lines Raji (low level PL scraml>lase 
expression, and W9 (high level PL scramUlase expression) 
under conditions of serum starvation which has been shown 
to induce apoptotic death in human B-lymphoblasts (T. 
Frey, supra , 1997) . 

Fig. 14 illustrates the role of PL scramblase in PS 
exposure during apoptosis of B-lymphoblasts . Referring 
to Fig. 14, PS exposure (measured with Fva light chain) 
in human B-lymphoblast cell lines during apoptosis 
induced by one day incubation in reduced serum (1% fetal 
bovine serum; solid bars) . Open bars represent 
identically matched controls maintained continuously in 
10% serum. Panel A compares the Ra j i (low endogenous PL 
scramblase expression) and W9 (high PL scramblase . 
, expression) cell lines. Panel B compares individual Ra 3 i 
cell clones that were stably transfected with either 
PEGFP-C2 (GFP) or with pEGFP-PL scramblase (GFP-PLS) and 
then .nduced to apoptosis under the conditions described 
for Panel A. Error bars denote mean ± SD (s-4) . 
5 Significance of the rncrease in PS exposure due to serum 
starvation by paired t-test, .p<0.001 (W9> ; »<O.02 (GFP- 
PLS) . 
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As illustrated by Fig. 14 (panel A), when each cell 
line was incubated under conditions inducing apoptosis, 
PS exposure observed for W9 was always substantially 
elevated above that observed for Ra j i , consistent with 
both the greater quantity of PL scramblase protein 
expressed in the W9 cell line and this cell's increased 
sensitivity to PS mobilization through Ca- ionophore . 
This increased activity of the PL scramblase pathway in 
m versus Ra j i was also apparent when apoptosis was 
, induced in these cells by exposure to etoposide (data not 
shown) . Furthermore, we observed that the extent to 
which PS was mobilized to the surface of Ra j i cells 
undergoing apoptosis was increased through prior 
transfection of these cells to express the GFP-PL 
5 scramblase fusion protein (Fig. 14, panel B) . These data 
suggest that the extent to which plasma membrane PS 
becomes exposed at the cell surface during induced 
apoptosis of lymphoblasts and other cell lines is 
directly related .to the cellular content of PL scramblase 
>0 protein. 

r^oo^nn of °t. c-ramhlaBP promotes j nf racellular 
r«. ~^ <n ^.otir r»11 death . In order to 
determine whether the level of expression of PL 
scramblase alters the capacity of a cell to respond to an 
25 external signal to undergo programmed cell death, we used 
the GFP-PL scramblase- transfected Ra j i cell lines to 
monitor fragmentation of nuclear DNA in response to known 
apoptotic stimuli. In these experiments, the transfected 
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cells were induced to apoptosis by either culture under 
serum starvation conditions or by challenge with 
etoposide. Nuclear degradation was monitored by TUNEL 
assay (Clontech) and data analyzed as per cent of all 
5 cells induced to DNA fragmentation. 

Fig. 15 illustrates transfection with cDNA encoding 
PL scramblase increases apoptotic response of human B- 
lymphoma line Ra j i . Ra j i cell lines were stably 
transfected with plasmid to express either GFP-PL 
0 scramblase fusion protein (GFP-PLS; hatched bars) or pGFP 
vector as control (GFP; solid bars) and analyzed under 
conditions of induced apoptosis in cell culture. Also 
shown are data for non- transfected parental cell line 
Raji (Raji; open bars). Each cell line was incubated 
L5 overnight under either serum-starved conditions (0% 

serum) or in presence of 60 etoposide (Etoposide) . 
Control refers to identical cells maintained under normal 
culture conditions of 10% fetal bovine serum. Apoptosis 
was assessed by degradation of nuclear DNA, as measured 
20 by TUNEL assay (Clontech) and is expressed as percent of 
total cells induced to undergo nuclear fragmentation. 
Data of a single experiment, representative of at least 
five similar experiments so performed. 

As shown in Fig. 15, these experiments revealed that 
25 whereas untransf ected Raji cells or GFP-vector 

transfected Raji cell lines were highly resistant to 
induction of apoptosis, the Raji cell lines expressing 
the GFP-PL scramblase fusion protein were readily induced 
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to apoptosis, culminating in fragmentation of nuclear 
DNA. Consistent with these data, we also observed that 
the cell lines W9 and Jurkat (expressing high levels of 
endogenous PL scramblase) were markedly more sensitive to 
induction of apoptosis than the cell line Raji (which 
normal expresses little PL scramblase (data not shown)), 
in addition to suggesting that the sensitivity of a cell 
to induction of programmed cell death can be related to 
the level of expression of PL scramblase, these 
experiments establish that a transformed tumor cell line 
(the human Burkitts lymphoma cell line, Raji) that is 
normally resistant to apoptosis, can be altered through 
transfection with cDNA encoding PL scramblase to be 
sensitive to induction of programmed cell death. 
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